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Ch. VIII. Of ib Manner, &c. 3 
C HA P. VII. 


Of the Mannet wherein Light 7s 
reflected. 


HE Refraction of Light has been con- 

ſidered, and explained: Its Refle#7:on is 
now to be inquired into (3). And firſt, for 
the Manner wherein it is performed. 


When a Ray of Light falls upon a Body not 
tranſparent, Part or all of it is reflefed; if any 
enters, it is ſuffocated and loſt within the Bo- 
dy: When it falls upon a *ranſparent Body, 
Part of it it reflected, and Part enters; of 
what enters, ſome is alſo ſuffocated and loſt in 
the Body; the reſt, when it arrives at the other 
Side, ſome of it is reflected there, the Re- 
mainder goes on and leaves the Body, unleſs 
its Inclination to that Side exceeds a certain 
Degree; which if it does, it is all reflected 
there. And the Power whereby a Ray 1s re- 
flected at this other Side of a Body (which for 
Diſtinction ſake, I ſhall hereafter call Che ſecond 
Surface) is ſtronger than that by which it 
would be reflected by the ſame Surface, were 
it about to enter the Body there with an equal 
Degree of Obliquity. 


(a) The Subject of this Inquiry is diſtinguiſhed from that of 
the former, by the Name of Catoptrics, as tending to explain the 
Manner in which Objects appear, when ſeen by reflected Light. 
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4 Of the Manner wherein Part III. 


The Degree of Inclination neceſſary to cauſe 
a total Reflection of a Ray at the ſecond Sur- 
face of a Medium, is that which requires that 
the refracted Angle (was the Ray ſuppoſed to 
paſs out there) ſhould be equal to, or greater 
than a right one; and conſequently it depends 
on the refractive Power of the Medium through 
which the Ray paſſes; and is therefore dif- 
ferent in different Media. When a Ray 
paſſes through Glaſs ſurrounded with Air, and 
is inclined to its ſecond Surface under an 
Angle of 42 Degrees or more, it will be 
wholly reflected there (6). For as 11 is to 17, 


() From hence it follows, that when a Ray of Light arrives 
at the ſecond Surface of a tranſparent Subſtance with as great or 
greater Degree of Obliquity, than that whach 1s neceſſary to 
make a total Reflection, it will there be all returned back to the 
firſt ; and if it proceeds towards that with as great an Obliquity 
as it did towards the other (which it will do, if the Surfaces of 
the Medium be parallel to each other) it will there be all reflected 
again, Sc. and wil! therefore never get out, but paſs from Side 
to Side, till it be wholly ſuffocated and loſt within the Body. 

rom hence may ariſe an obvious Inquiry, how it comes to 
paſs that Light, falling very obliquely upon a Glaſs Window 
from without, ſhould be tranſmitted into the Room? In Anſwer 
to this, it muſt he conſidered, that however oblique 
falls upon the firſt Surface of any Medium whoſe Side 
(as thoſe of the Glaſs in a Window are) it will ſuffer fuch a Degree 
of Refraction in entering there, that it ſhall fall ypon the ſecond 
with a leſs Obliquity than that which is neceſſary to cauſe a 
total Reflection. For Inſtance, let the Medium be Glaſs, as ſup- 


poſed in the preſent Caſe, then as 17 is to 11 (the Ratio of Re- 


fraction out of Air into Glaſs) ſo is the Sine of the largeſt 
Angle of Incidence with which a Ray can fall upon any Surface, 
to the Sine of a leſs Angle than that of total Reflection. And 
therefore, if the Sides of a Glaſs be parallel, the Obliquity, with 
which a Ray falls upon the firſt Surface, cannot be ſo great, but 
tnatitiſhallpaſs the ſecondwithout ſufferinga totalReflectionthere. 
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(the Ratio of Refraction out of Glaſs into Air) 
ſo is the Sine of an Angle of 42 Degrees to a 
fourth Number, that will exceed the Sine of a 
right Angle. 

When Light paſſes out of a denſer into a 
rarer Medium, the nearer the ſecond Medium 
approaches the firſt in Denſity (or more pro- 
petly in its refractive Power) the leſs of it 
will be reflected in paſſing from one to the 
other; and when their refrafting Powers are 
equal, all of it will paſs into the ſecond Me- 
dium. 

Whether Light be reflected from the firſt 
or ſecond Surface of a Body, the Law it ob- 
ſerves is this, viz. That the Angle of Reflection 
of each Ray ſhall be equal to the Angle of Inci- 
dence of the ſame. 

By the Angle of Reflection is meant the 
Angle comprehended between a Perpendicular 
to the Surface at the Point where the Reflection 
is made, and the reflected Ray. 


Theſe are all the Circumſtances attending the 
Reflection of Light neceſſary to be taken No- 
tice of at preſent : There are others, but they 
reſpect the Doctrine of Light and Colours not 
yet explained; we ſhall therefore paſs them by 
till we treat of that Subject, and in the mean 
Time proceed toconſider the Reflectionof Light 
rom plain and ſpherical Surfaces. 


| 
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6 Of the Reflection of Light from 
CHAP, IX, 8 


Of the Reflection of Light from plain 
; and ſpherical Surfaces. 


IT was obſerved in the foregoing Chapter, 3 

that the Law of Reflection is ſuch, that 4 

the Angle of Reflection of each Ray ſhal! 

be equal to the Angle of Incidence of the 

ſame. From whence the ſeven following Pro- 

poſitions relating to the Reflection of Light 

from plain and ſpherical Surfaces may be de- 
duced. 

I. Rays of Light reflected from a plain Sur- 
face have the ſame Degree of Inclination to 
each other that their reſpective incident ones 

| have. 

| For the Angle of Reflection of each Ray 
being equal to that of its reſpective incident 
| one, it is evident that each reflefted Ray will 
have the ſame Degree of Inclination to that 
Portion of the Surface from whence it is re- 
flected, that its incident one has; but it is 
here ſuppoſed that all thoſe Portions of Surface 
from whence the Rays are reflected are ſitu- 
ated in the fame Plain; conſequently the re- 
flected Rays will have the ſame Degree of 
Inclination 'to each other that their incident 
| ones have, from whateyer Part of the Surface 
| they are reflected, 


— —— — — 
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See this and the following Propoſitions ex- 


preſſed more determinately, and demonſtrated in 
tbe Note below (a). 


II. Parallel Rays, reflected from a concave 
Surface, are render'd converging. 


To 
(a) Propoſition I. 
Of the Reflection of Rays from a plain Surface. 


When Rays fall upon a plain Surface, if they diverge, the 
Focus of the reflected Rays will be at the ſame Diſtance behind 
the Surface, that the Radiant Point is before it : If they converge, 
it ewill be at the ſame Diſtance before the Surface, that the 
imaginary Focus of the incident Rays is behind it. 


This Propoſitions admit of two Caſes. 
Caſe I. Of diverging Rays. 
Dem. Let AB, AC (Fig. 45.) be two diverging Rays inci- 
dent in the plain Surface DE, the one perpendicularly, the 
other obliquely ; the perpendicular one AB will be reflected to 
A proceeding as from ſome Point in the Line AB produced ; 
the oblique one AC will be reflected into ſome Line CF, ſuch 
that the Peint G, where the Line FC produced interſeQs the 
Line AB produced alſo, ſhall be at an equal Diſtance from 
the Surface DE with the Radiant A. For the Perpendicular 
CH being drawn, ACH and HCF will be the Angles of Inci- 
dence and Reflection, which being equal, their Complements 
ACB and FCE are ſo too: But the Angle BCG is equal to FCE, 
as being vertical to it; therefore in the Triangles ABC and GBC 
the Angles at C are equal, the Side BC is common, and the 
Angles at B are alſo equal to each other, as being right ones ; 
therefore the Lines AB and BG, which reſpect the equal Angles 
at C, arealſo equal, and conſequently the Point G, the Focus of 
the incident Rays AB, AC, is at the ſame Diſtance behind the 
Surface, that the Point A is before it. Q. E. D. 


Caſe II. OF converging Rays. 
This is the Converſe of the former Caſe. For ſuppoſing FC 
and AB to be two converging incident Rays, CA and BA will 
be the reflected ones (the Angles of Incidence in the former 
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To illuſtrate this, let AF, CD, EB, (Fig, 
43.) repreſent three parallel Rays falling upon 
the concave Surface FB, whoſe Center is C. 
To the Points F and B draw the Lines CF, 


CB; theſe being drawn from the Center will 
be 


Caſe being now the Angles of Reflection, and vice wer/a) 
having the Point A for their Focus ; but this, from what was de- 
monſtrated above, is at an equal Diſtance from the reflecting 
Surface with the Point G, which in this Caſe is the imaginary 
Focus of the incident Rays, FC, and AB. 

ObJervat. I It is not here, as in the Refractien of Rays in 
palſing through a plain Suface, where ſome of the refracted Rays 
proceed as from one Point, and ſome as from another (See Obſervat. 
I. Chas. 3. in the Notes) but they all proceed after Reflection as 
from ens and the ſame Point, however obliquely they may fall up- 
on the Surface ; for what is here demonſtrated of the Ray AC 
holds equally of any other, as Al, AK, oc. | 

The Caſe of parallel Rays incident on a plain Surface, is in- 
cluded in this Propoſition ; for in that Caſe we are to ſuppoſe 
the Radiant to be at an infinite Diſtance from the Surface, and 
then by the Yropoſition, the Focus of the reflected Rays will be 
ſo too; that is, the Rays will be parallel after Reflection, as they 
abere before. 


Propoſition II. 
Of the Reflection of parallel Rays from a ſpherical Surface. 


When parallel Rays are incident upon a ſpherical Surface, the 
Focus of the reflected Rays will be the middle Point between the 
Center of Convwexity and the Surface, 


This Propoſition admits of two Caſes. 
Caje I. Of parallel Rays falling upon a convex Surface. 


Dem. Let AB, DH, (Fig. 46.) repreſent two parallel Rays 
incident on the convex Surface BH, the one perpendicularly, the 
other obliquely; and let C be the Center of Convexity ; ſup- 

oſe HE to be the reflected Ray of the oblique Incident one 
DH procceding as from F, a Point in the Line AB produced. 
Through the Poiat H draw the Line CI, which will be 
perpendicular to the Surface at that Point, and the Angles DHI 
«no 1 AP, being the Aug les of Incidence and Reflection, will be equal. 
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be perpendicular to the Surface at thoſe Points, 
The incident Ray CD alſo paſſing through 
the Center will be perpendicular to the Sur- 
face, and therefore will return after Reflection 
in the ſame Line; but the oblique Rays AF 


and 


To the former of theſe, the Angle HCF is equal, the Lines AC 
and DH being parallel, and to the latter the Angle CHF as being 
vertical; wherefore the Triangle CFH is 1/o/celes ; and conſe- 
quently the Sides CF and FH are equal : But ſuppoſing BH to 
vaniſh, FH is equal to FB, and therefore upon this Suppoũtion 
FC and FB are equal, that is, the Focus of the reflected Rays is 
the middle Point between the Center of Convexity and the 
Surface. Q. E. D. 


Caſe Il, Of parallel Rays falling upon a concave Surface. 


Dem. Let AB, DH (Fig. 47.) be two parallel Rays incident, 
the one perpendicularly, the other obliquely, on the concave 
Surface BH, whoſe Center of Concavity is C. Let BF and 


Hf be the reflected Rays meeting each other in F; this 


will be the middle Point between B and C. For drawing 
through C the Perpendicular CH, the Angles DHC and 
FHC, being the Angles of Incidence and Reflection, will be 
equal, to the former of which the Angle HCF is equal, as 
alternate; and therefore the Triangle CFH is JI/o/celes. 
Wherefore CF and FH are equal: But if we ſuppoſe BH 
to vaniſh, FB and FH are alſo equal, and therefore CF is 
equal to FB; that is, the focal Diſtance of the reflected Rays 
is the middle Point between the Center and the Surface. Q. E. D. 

Obſervat. II. It is here obſervable, that the farther the Line 
DH, either in Figure the 46 or 47, is taken from AB, the nearer 
the Point F falls to the Surface, For the farther the Point H re- 
cedes from B, the larger the Triangle CFH will become; and con- 
Sequently fence it is alarays an Iſoſceles one, and the Baſe CH, being 
the Radius, is every where of the ſame Length, the equal Legs 
CF and FH will lengthen ; bug CF cannot grew longer unliſs the 
Point F approach towards the urface. And the farther IT is re- 
moved from B, the faſter F approaches to it. 

T his is the Reaſen, that whenever parallel Rays are conſidered, 
as reficted from a ſpherical Surface, the Diſtance of the obl:que one 
Jicm the perpendicular one is taken fo ſmall with reſpe to the 
focal Diſtance of that Surface, that without any phy gal Trror 
ud may Ge Jufprojod 40 vaniſh. 
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and EB will be reflected into the Lines FM 
and BM ſituated on the contrary Side their 
reſpective Perpendiculars CF and CB. They 
will therefore proceed converging after Re- 
flection towards ſome Point as M, in the Line 
CD; which Point, by what is demonſtrated in 
the Note laſt referred to, will be in the Middle 
between C and D. 


III. 


From hence it follows, that if a Number of parallel Rays as 
AB, CD, EG, Oc. fall upon a cenvex Surface, as expreſſed Fi- 
gure the 48, andif BA, DK, the reflected Rays of the incident 
ones AB, CD, proceed as from the Point F, thoſe of the incident 
ones CD, EG, viz. DK, GL, will proceed as from M, thoſe 
of the incident ones EG, HI, as from O, c. becauſe the farther 
the incident ones CD, EG, Cc, are from AB, the nearer to the 
Surface are the Points F, f, f, in the Line BF, from which they 
proceed after Reflection; ſe that properly the Foci of the reflected 
Rays BA, DK, GL, Sc. are not in the Line AB produced, but 
in a curve Line paſſing through the Points F, N. O, &c, 

The ſame is applicable to the Caſe of parallel Rays reflected 
from a concave Surface, as exprefſed by the pricked Lines on the 
other half of the Figure, where PD, RS, TV, are the incident 
Rays; FS f, Vf, the reſiected ones interſeting each other in the 
Points X,Y, and F; ſo that the Foci of thoſe Rays are not in the 
Line FB, but in a Curve paſſing through thoſe Points. 

Had the Surface BH in Figure 46, or 47, been formed by the 
Rewolution of a Parabola about its Axis having its Focus in 
the Point F, all the Rays reflected from the convex Surface would 
bade proceeded as from the Point F, and thoſe reflected from the 
concave would have fallen upon it, hawever diftant their incident 
ones AB, DH, might have been from each other. For in the 
Parabola, al! Lines drawn parallel to the Axis make Angles 
auith the Tangents to the Points where they cut the Parabola (that 
is, with the Surface cf the Paravola) equal to thoſe which are 
made <vith the forme T angents by Lines drawn from thence to the 
Focus. (De L' Hoſpital Sections Coniques, Liv. I. Prop. 5.) 
Therefore, if the incident Rays deſcribe thoſe parallel Lines, the 
rolledted ones aui neceſſarily deſeribe theſe ether, and ſo will all 
preceed as from, or mert in, the ſame Point. 


- 
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III. Converging Rays falling on the like Sur- 
face are made to converge more. 

For every thing remaining as above, let 
GF, HB, be the incident Rays. Now be- 
cauſe theſe Rays have larger Angles of Inci- 
dence than the parallel ones AF and EB 
in the foregoing Caſe, their Angles of Re- 
flection will alſo be larger than theirs; they 
will therefore converge after Reflection, ſuppoſe 
in the Lines FN, and BN, having their Point of 

Con- 


Propofition III. 
Of the Reflection of diverging and converging Rays from à ſpherical 


urface. 


When Rays fall upon any ſpherical Surface, if they diverge, the 
Difance of the Focus of the reflected Rays from the Surface is to the 
Diftance of the Radiant Point from the ſame (or, if they converge, 
to that of the imaginary Focus of the incident Rays) as the Di/- 
tance of the Focus of the reflected Rays from the Center is to the 
Diſtance of the Radiant Point (or imaginary Focus of the incident 
Rays) from the ſame. | 


This Propoſition admits of ten Caſes. 
Caſe I. Of diverging Rays falling upon a convex Surface. 


Dem. Let RB, RD (Fig. 49.) repreſent two diverging Rays 
flowing from the Point R as from a Radiant, and falling the 
one perpendicularly, the other obliquely, on the convex Surface 
BD, whoſe Center is C. Let DE be the refleted Ray of the 
incident one RD, produce ED to F, and through R draw the 
Line RH parallel to FE till it meets CD produced in H. Then 
will the Angle RHD be equal to EDH the Angle of Reflection, 
as being alternate t9 it, and therefore equal alſo to RDH which 
is the Angle of Incidence ; wherefore the Triangle DRH is 
Iſeſceles, and conſequently DR is equal to RH. Now the Lines 
FD and RH being parallel. the Triangles FDC and RHC are 
ſimilar, (or to expreſs it in Eaclid's Way, the Sides of the Triangle 
RHC are cut proportionately. 2 Elem. 6.) and therefore FD is 

| to 
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Concourſe N farther from C than the Point 
M; that to which the parallel Rays AF and 
EB converged to in the foregoing Caſe: Ard 
their preciſe Degree of Convergency as deter- 
mined in the Note, will be greater than that 
wherein they converged before Reflection. 
IV. Diverging Rays, falling upon the like 
Surface, are after Reflection parallel, diverging, 
or converging. If they diverge from the Focus 
of parallel Rays, they then become parallel ; if 


from 


to RH, or its equal RD, as CF to CR; but BD wanihing, FD 
and RD differ not from FB and RB, wherefore FB is to RB alſo, 
as CFtoCR; that is, the Diſtance of the Focus from the Surface 
is to the Diſtance of theRadiant Point from the ſame, as the Diſ- 
tance of the Focus from the Center is to the Diſtance of the Ra- 
diant from thence. Q. E. D. 


Caſe II. Of converging Rays falling upon a concave Surface. 

Dem. Let KD and CB be the converging incident Rays having 
their imaginary Focus in the Point R, which was the Radiant in 
the foregoing Caſe. Then as RD was in that Caſe reflected into 
DE, KD will in this be reffected into DF; for, fince the Angles 
of Incidence in both Caſes are equal, as they are by being wertical, 
the Angles of Reflection will be ſo too; fo that F will be the 
Focus of the reflected Rays: But it was there demonſtrated that 
FB is to RB as CF to CR, that is, the Diſtance of the Focus 
from the Surface is to theDiſtance (in this Caſe) of the imaginary 
Focus of the incident Rays, as the Diſtance of the Focus from the 
Center is to the Diſtance of the imaginary Focus of the incident 
Rays from the ſame. Q.E.D. 


Caſe III. Of converging Rays falling upon a convex Surface, and 


tending to a Point between the Focus of parallel Rays and the 
Center, 


Dem. Let BD (Fig. $0.) repreſent a convex Surface whoſe 
Center is C, and Focus of parallel Rays is P; and let AB, KD, 
be two converging Rays incident upon it, and having their ima- 
ginary Focus at R, a Point between P and C. Now becauſe w_ 

tends 
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from a Point nearer to the Surface than that, 
they will diverge, but in a leſs Degree than be- 
fore Reflection; if from a Point between that and 
the Center, they will converge after Reflection, 
and that to ſome Point on the contrary Side 
the Center, but ſituated farther from it than 
the Point they diverged from: If the incident 
Rays diverge from a Point beyond the Center, 
the reflected ones will converge to one on 
the other Side of it, but nearer to it than 


the 


tends to a Point between the Focus of parallel Rays and the 
Center, the reflected Ray DE will diverge from ſome Point on 
the other Side the Center, ſuppoſe F; as explained above in the 
Text under Propoſition the VIIth. Through D draw the Per- 
pendicular CD and produce it to H, then will KD H and HDE. 
be the Angles of Incidence and Reflection, which being qual, 
their vertical ones RDC and CDF will be ſo too, and therefore 
the Vertex of the Triangle RDF is biſeted by the Line DC: 
Wherefore (3 El. 6.) FD and DR, or, BD vaniſhing, FB and 
BR are to each other as FC to CK; that is, the Diſtance of the 
Focus of the reflected Rays is to that of the imaginary Focus of the 
incident ones, as the Diſtance of the former from the Center is 
to the Diſtance of the latter from the ſame. Q. E. D. 


Caſe IV. Of diverging Rays falling upon a concave Surface 


and proceeding from a Point between the Focus of parallel Rays and 
the Center, | 


Dem. Let RB, RD, be the diverging Rays incident upon the 
concave Surface BD, having their Radiant in the Point R, the 
Imaginary Focus of the incident Rays in the foregoing Caſe. 
Then as KD was in that Caſe reflected into DE, RD will now 
be reflected into DF. But it was there demonſtrated that FB and 
RB are to each other as CF to CR; that is, the Diſtance of 
the Focus is to that of the Radiant, as the Diſtance of the former 
ſrom 15 Center is to the Diſtance of the latter from the ſame. 
Q. E. D. 

The Angles of Incidence and Reflection bring equal, it is evidnt, 
that if in any Caſe the reflected Ray be made the incident 7 

| | ihs 
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the Point they diverged from; and if they 
diverge from the Center, they will be reflected 
thither again. | | 
1. Let them diverge in the Lines MF, MB, 


proceeding from M the Focus of 
Rays ; then as the parallel Rays AF and EB 
were reflected into the Lines FM and BM 
(Propoſit. 2.) theſe Rays will now on the con- 
trary be reflected into them. 

2. Let them diverge from N a Point nearer 
to the Surface than the Focus of parallel Rays, 


they will then be reflected into the diverging. 


Lines 
the incident will become the reſtected one: And therefore the four 
following Caſes may be conſidered reſpettively as the Converſe of the 
four foregoing ; for in each of them the incident Rays are ſuppoſed 
to coincide with the reflected ones in the other. Or they may be de- 
monſtrated independently of them as follows. 

Caſe V. Of converging Rays falling upon a convex Surface, 
and tending to a Point nearer the Surface than the Focus of parallel 
Rays. 

Dem. Let ED, RB (Fig. 49.) be the converging Rays inci- 
dent upon the convex Surface BD whoſe Center is C, and Focus of 

rallel Rays is at P; and let the imaginary Focus of the incident 
Re be at F, a Point between P and B, and let DR be the re- 


flected Ray. From C and R draw the Lines CH, RH, the one 


paſſing through D, the other parallel to FE. Then will the 
Angle RHD be equal to HDE, the Angle of Incidence, as alter- 
nate to it, and therefore equal to HDR, the Angle of Reflection; 
wherefore the Triangle HDR is 1//ce/zs, and conſequently DR 
3s equal to RH. Now the Lines FD and RH being parallel, 
the Triangles FDC and RHC are fimilar, and therefore RH, or 
RD, is to FD as CR to CF; but BD vaniſhing, RD and FD 
coincide with RB and FB, wherefore RB is to FB as CR to CF; 
that is, the Diſtance of the Focus from the Surface is to the 
Diſtance of the imaginary Focus of the incident Rays, as the Diſ- 
tance of .the Focus from the Center is to the Diſtance of the ima- 
ginary Focus of rhe incident Rays from the ſame, QE. D. Caf 

aſe 


parallel 
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Lines FG and BH which the incident Rays 
GF and HB defcribed, that were ſhewn to be 
reflected into them in the foregoing Propo- 
fition ; but the Degree wherein they diverge, 
as demonſtrated in the Note, will be lefs 
than that wherein they diverged before Re- 
flection. | 225 

3. Let them proceed diverging from X a 
Point between the Focus of parallel Rays 
and the Center, they then make leſs Angles 
of Incidence than the Rays MF and MB 
which became patallel by Reflection, they will 
conſequently have leſs Angles of Reflection, 
and proceed therefore converging towards ſome 
Point as V; which Point will always fall on 
the contrary Side the Center, becauſe a re- 
flected 


Caſe VI. Of diverging Rays falling upon a concave Surface, and 
proceeding from a Point betaucen the Focus of parallel Rays and the 
Surface. 


Dem. Let FD and FB repreſent two diverging Rays flowing 
from the Point F as a Radiant, which was the imaginary Focus 
of -the incident Rays in the foregoing Caſe. Then as ED was in 
that Caſe reflected into DR, FD will be reflected into DK, (for 
the Reaſon mentioned in Caſe the ſecond) ſo that the reflected 
Ray will proceed as from the Point R: But it was demonſtrated 
in the Caſe immediately before-going, that RB is to FB as CR to 
CF ; that is, the Diſtance of the Focus from the Surface is to that 
of the Radiant from the ſame, as the Diſtance of the former from 
the Center is to that of the latter from the ſame. QE. D. 


Caſe VII. Of converging Rays falling upon a convex Surface, 
end tending towards @ Point beyond the Center. 


Dem! Let AB, ED, (Fig. 50.) be the incident Rays tending 
to F, a Point beyond the Center C, and let DK be the refleted 
Ray of the incident one ED. Then becauſe the incident oe 

E 


are reflected thither again. 
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flected Ray always falls on the contrary Side 
the Perpendicular with reſpect to that on which 
its incident one falls; and, as demonſtrated in 
the Note, it will be farther diſtant from the 
Center than X. | 

4. If the incident ones diverge from Y, they 
will after Reflection converge to X, thoſe which 
were the incident Rays in the former Caſe being 
the reflected ones in this. 

And laſtly, if the incident Rays proceed 
from the Center, they fall in with their re- 
ſpective Perpendiculars, and for that Reaſon 


V. Parallel Rays reflected from a convex 

Surface are rendered diverging. 
To ſhew this, let AB, GD, EF, (Fig. 44.) 
be three parallel Rays falling upon the convex 
| Sur- 


ED tends to a Point beyond the Center, the reflected Ray DK 
will proceed as from one on the contrary Side, ſuppoſe R; as ex- 
plained in the Text under Propoſition the VIIth. Through D 
draw the Perpendicular CD and produce it to H. Then will 
EDH and HDK be the Angles of Incidence and Reflection, 
which being equal, their vertical ones CDF and CDR will be ſo 
too: Conſequently the Vertex of the Triangle FDR is biſected by 
the Line CD: Wherefore (3 Elem. 6.) RD 1s to DF, or BD va- 
niſhing, RB is to BF as RC to CF; that is, the Diſtance of the 
Focus of the reflected Rays is to that of the imaginary Focus of 
the incident Rays, as the Diſtance of the former from the Cen- 
ter is to the Diſtance of the latter from the fame. . Q. E. D. 
Caſe VIII. Of diverging Rays falling upon a concave Sutfag 
and proceeding from a Point beyond the Center. 
Dem. Let FB, FD, be the incident Rays having their Radiant 
in F, the imaginary Focus of the incident Rays in the foregoing 
Caſe. Then as ED was in that Caſe reflected into DK, FD 
wil now be reflected in DR; ſo that R will be the Focus of the 
| 10 
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Surface BF whoſe Center of Convexity is C, 
and let one of them, viz. GD, be perpendi- 
cular to the Surface: Through B, D, and F, 
the Points of Reflection, draw the Lines CV, 
CG, and CT, which becauſe they paſs through 
the Center will be perpendicular to the Sur- 
face at thoſe Points. The incident Ray GD 
being perpendicular to the Surface will re- 
turn after Reflection in the ſame Line, but 
the oblique ones AB and EF in the Lines 
BK and FL ſituated on the contrary Side 
their reſpective Ferpendiculars BV and FT. 
They will therefore diverge after Reflection 
as from ſome Point M in the Line GD 
produced ; which Point, as demonſtrated in 
the Note, will be in the Middle between D 
and C. 


VI. 


reflected Rays. Bat it was demonſtrated in the foregoing Caſe, 
that RB; is to FB as RC to CF ; that is, the Diſtance of the Focus 
of the refleted Rays from tae Surface is to the Diſtance of 
the Radiant from the ſame, as the Diſtance of the Focus 
of the reflected Rays from the Center is to the Diſtance of 
the Radiant from thence. Q. E. D. 

The two remaining Caſes may be conſidered, as the Converſe of 
thoſe under Propoſition the ſecond of this Note, becauſe the inci- 
dent Rays in theſe are the reflected ones in them ; or they may be 
demonſtrated in the ſame Manner with the foregoing, as follows. 


Caſe IX. Conwerging Rays falling upon a convex Surface, and tend- 
ing to the Focus of parallel Rays, become parallel after Reflection. 


Dem. Let ED, RB, (Fig. 49.) repreſent two converging Rays 
incident on the convex Surface BD. and tending towards F, which 
we will zow ſuppoſe to be the Focus of parallel Ray; and let DR 
be the reflected Ray and C the Center of Convexity of the 


reflecting Surface, Through C draw the Line CD, and produce 
Vo L, II. | B 5 | rt 


„ 


LAS 


18 Of the Reflection of Light from 
VI. Diverging Rays reflected from the like 


Surface are rendered more diverging. 

For, every thing remaining as above, let 
GB, GF, be the incident Rays. Theſe having 
larger Angles of Incidence than the parallel 
ones AB and EF in the preceding Caſe, 
their Angles of Reflection will alſo be larger 
than theirs ; they will therefore diverge after 
Reflection, ſuppoſe in the Lines BP and FQ, 
as from ſome Point N farther from C than 
the Point M; and the Degree wherein they 
will diverge, as determined in the Note, 
will exceed that wherein they diverged before 
Reflection. 

VII. 


it to H, drawing RH parallel to ED produced to F. Now it has 
been demonſtrated (Caſe 5.) where the incident Rays are ſuppofed 
to tend to the Point F, that RB is to FB as RC to CF: But F 
in this Caſe being ſuppoſed to be the Focus of parallel Rays, it is 


the middle Point between C and B (by Propofition 2d) and 


therefore FB and FC are equal, and conſequently the two other 
Terms in the Proportion, wiz RB and RC, muſt be ſo too; which 
can only be upon a Suppoſition that R is at an infinite Diſtance 
from B; that is, that the reflected Rays BR and DR be parallel. 


QE. D. 


Caſe X. Diverging Rays falling upon a concave Surface, and 
proceeding from the Focus of parallel Rays, become parallel after 
Neflectian. 


Dem. Let RD, RB (Fig. 50.) be two diverging Rays incident 
upon the concave Surface BD, as ſuppoſed in Caſe the fourth ; 


where it was demonſtrated that FB is to RB as CF to CR. But 
in the preſent Caſe RB and CR are equa], becauſe R is ſuppoſed . 
to be the Focus of parallel Rays; therefore FB and FC are ſo 


too. Which cannot be unleſs F be taken at an infinite Diſtance 


from B; that is, unleſs the reflected Rays BF and DF be 


parallel. Q E. D. 
Obſervat. 
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VII. Converging Rays reflected from the 
like Surface, are parallel, converging or di- 
verging. If they tend towards the Focus of 
parallel Rays, they then become parallel ; if 
to a Point nearer the Surface than that, they 
converge, but in a leſs Degree than before Re- 
flection; if to a Point between that and the 
Center, they ſhall diverge after Reflection, as 
from ſome Point on the contrary Side the Cen- 
ter, but ſituated farther from it than the Point 
they converged to; if the incident Rays con- 
verge to a Point beyond the Center, the re- 
fleted ones will diverge as from one on the 
contrary Side of it, but nearer to it than the 
Point the incident ones converged to: And 
if the incident Rays converge towards the 


Center, the reflected ones will proceed as from 
thence. 


1. Let 


Obſervat. 3. I i, here obſervable, that in the Caſe of diverging 
Rays falling upon a convex Surface (ſee Fig. 49.) the farther the 
Point D is taken from B, the nearer the Point F, the Focus of 
the reflected Rays, approaches to B, while the Radiant R remains 
the ſame. For it is evident from the Curvature of a Circle that 
the Point D (ſee Fig. 51.) may be taken ſo far from B, that the 
reflected Ray DE ſhall proceed as from F, G, H, or even from B, or 


from any Point between B and R, and the farther it is taken from 


B, the faſter the Point, from which it proceeds, approaches towards 
Re As will eaſily appear if we draw ſeveral incident Rays with 
their reſpeive reflected ones, in ſuch Manner that the Argl:s of 
Reflection may be all equal to their reſpzaive Angles of Incidence, 
as 15 done in the Figure, The like is applicable to any of the other 

> > Caſes 
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1. Let them converge in the Lines KB and 
LF tending towards M the Focus of parallel 


Rays; then as the parallel Rays AB, EF were 
reflected into the Lines BK and FL (Pro- 
po/it. 5.) thoſe Rays will now on the contrary 

be reflected into them. | 
9. Let them converge in the Lines PB, QF, 
tending towards N a Point nearer the Surface 
than the Focus of parallel Rays, they will then 
be reflected into the converging Lines BG 
and FG, in which the Rays GB, GF, pro- 
ceeded that were ſhewn to be reflected into 
them 


Caſes of diverging or converging Rays incident upon a ſpherical 
Surface. This is the Reaſon that, when Rays are conſidered as 
rafleied from a ſpherical Surface, the Diflance of the oblique Rays 
from the perpendicular one is taken /o ſmall, that it may be ſuppoſed 
to vaniſh, 

From hence it follows, that if a Number of diverging Rays art 
incident upon the convex Surface BD at the ſeveral Points B, D, D, 
&c. they ſhall not proceed after Refieftion as from any one Point in 
the Line RB produced, but as from a curve Line paſſing through 
the ſeweral Points F, f, f, &c. The ſame is applicable in all the 
other Caſes. 

Had the Curvature BD (Fig. 49.) been Hyperbolical Having 
its Foci in R and F, then R being the Radiant (or the imaginary 
Focus of incident Rays) F would have been the Focus of the reflected 
ones, and vice verſa, however diſtant the Points B and D might 
be taken from each ether, In like Manner had the Curve BD 
(Fig. 50.) been Elliptical having its Foci in Fand R, the one of 
het. being made the Radiant (or imaginary Focus of incident 
Rays) the other would have been the Focus of the reflefted ones, 
and vice verſa, For bath in the Hyperbola and Elliphs, Lines 
drawn from each of their Foci through any Point make equal Angles 
with the Tangent to that Point; (De L'Hoſpital Sections Co- 
niques, Liv. II. Prop. 8. & Liv. III. Prop. 11.) Therefore, if 
the incident Rays proceed to or from one of their Foci, the refletted 

one 
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them in the Propoſition immediately foregoing ; 
but the Degree wherein they will converge, as 
demonſtrated in the Note, will be leſs than 
that wherein they converged before Reflection. 

3. Let them converge in the Lines RB and 
SF proceeding towards X, a Point between 
the Focus of parallel Rays and the Center; 
their Angles of Incidence will then be leſs 
than thoſe of the Rays KB and LF which 
became parallel after Reflection, their Angles 


of 


ones wwill all prrceed, as from or to the other. So that in erder that 
diverging or converging Rays may be accurately refieted to or from 
a Point, the refleting Surface muſi be formed by the Revolution of 
an Hyperbola about its longer Axis, when the incident Rays are 
Such that their Radiant, or imaginary Focus of incident Rays, ſhall 
fall on one Side the Surface, and the Focus of the reflefted ones 
on the other : When they are both to fall on the ſame Side, it muſt 
be formed by the Revolution of an Ellipſis about its longer Axis. 
However upon Account of the great Facility with which ſpherical 
Surfaces are formed in Compariſon of that with which Surfaces, 
formed by the Revolution of any of the Conic Section, about their 
Axes, are made, the latter are very rarely uſed, Add to this 
another Inconvenience, viz. that the Foci of theſe Curves being 
Mathematical Points, it is but one Point of the Surface of an Ob- 
Jed that can be placed in any of them at a Time, ſo that it is only 
in Theory that Surfaces formed by the Revolution of theſe Curves 
about their Axes render Refieftion perfect. 


No becauſe the focal Diſtance of Rays reflected from a ſphe- 
ical Surface cannot be found by the Analogy laid down in the 
third Propolition of this Note, without making uſe of the Quan- 
tity ſought ; it muſt therefore be done a/gebraically : An Inſtance 
of which you have in the following Problem. 


Prob. Let it be required to find the focal Diſtance of diverging 
Rays incident upon a conyex Surface, whoſe Radius of Convexity 
B 3 18 
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of Reflection will therefore be leſs, on which 
Account they muſt neceſſarily diverge, ſuppoſe 
in the Lines BH and FI, from ſome Point as 
Y ; which Point for the Reaſon given under 
Propoſition the fourth will fall on the contrary 
Side the Center with reſpect to X, and, as de- 
monſtrated in the Note, will be farther from 
it than that. 

4. If the incident Rays tend towards Y, the 


reflected ones will diverge as from X, thoſe, 
which 


is 5 Parts, and the Diſtance of the Radiant from the Surface | 


is 20. 
Sol. Call the focal Diſtance ſought x, then will the Diſtance 
of the Focus from the Center be 5—x, and that of the Radiant 


from the ſame 25 ; therefore by Propoſition the third, we have 


the following Proportion, wiz. x : 20: : 5 x: 25, and, 
multiplying Extreams together and Means together, we have 
25 X, = 100— 20 x, Which after due ReduQtion gives x, 
—100 
I in any Caſe it ſhould happen, that the Value of x ſhould be 
a negative Quantity, the focal Point muſt then be taken on the 
contrary Side the Surface to that on which it was ſuppoſed that 
it would fall in ſtating the Problem. | 

If Letters inſtead of Figures had been made uſe of in the 
foregoing Solution a general Theorem might have been raiſed, 
ro have determined the focal Diſtance * 
Caſes whatever. See this done by Dr. Brown in his Supplement 
to Gregory's Optics, pag. 112. Edit. Second, is 


Becauſe it was obſerved (Chap. III. in the Notes) that diffe- 
rent incident Rays, though tending to or from one Point, would af- 
ter Refra#ton proceed to or from different Points, a Method was 
there inſerted of determining the ind Point, which each ſepa- 
rate Ray entering a ſpherical Surface converges to or diverges from 
after Refra#ion : The ſame has been obſerved here with regard to 
Rays reflefted from a ſpherical Surface, (ſee Ob/ervat. 2 & 50 

| | | ut 


reflected Rays in all 


Ch. IX. plain and ſpherical Surfaces. 23 


which were the incident ones in one Caſe, 
being the reflected ones in the other. 

And laſtly, if the incident Rays converge 
towards the Center, they fall in with their 
reſpective Perpendiculars; on which Ac- 
count they proceed after Reflection, as from 
thence. 


but the Method of determining the ind Point, to or from 
which any given incident Ray proceeds after Reflection, is much 
more ſimple. It is only neceſſary to draw the reflected Ray ſuch, 
that the Angle of Reflection may be equal to the Angle of In- 
cidence, which will determine the Point it proceeds to or from 
io any Caſe whatever. | 
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24 Of the Appearance of Bodies, & e. 
CHAP. X. 


Of the Appearance of Bodies ſeen by 
Light reflected from plain and ſpbe- 


rical Surfaces. 


T. the Beginning of the ſeventh Chapter, in 
which was explained the Appearance of 
Bodies ſeen through refracting Subſtances of 
various Forms, we laid down ſome Obſerva- 


tions ceſpecting the apparent Situation of Bodies 


ſeen by reſracted Light: All which equally 
reſpect the apparent Situation of Bodies ſeen by 
Reflection, to them therefore we refer the 
Reader. But beſides thoſe, there is one pecu- 
liar to the Subject of this Chapter, viz. That 
each Point in the Repreſentation of an Object 
made by Reflection appears fituated ſomewhere 
in an infinite right Line that paſſes through its 
correſpondent Point in the Object, and is per- 
pendicular to the refledling Surface. 
The Truth of this appears ſufficiently from 
the ſeveral Propoſitions laid down in the fore- 
going Chapter, in each of which Rays flowing 
from any Radiant are ſhewn to proceed af- 
ter Reflection to or from ſome Point in a 
Line that paſſes through the ſaid Radiant, and 
is perpendicular to the refleQting Surface. For 
Inſtance (Fig. 43.) Rays flowing from Y 
4 are 
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are collected in X, a Point in the Perpendi- 
cular CD, that produced paſſes through Y ; 
again (Fig. 44.) _ flowing from G proceed 
after Reflection, as from N, a Point in the Per- 
pendicular CD, that produced paſſes through 
G; and ſo for the reſt (a). 
I. When an Object is ſeen by Reflection 
from a plain Surface, the Image of it appears 
at the ſame Diſtance behind the Surface that 
the Object is placed before it, of the /ame 
Magnitude therewith, and directly oppaſite to it. 
To explain this, let AB (Fig. 52.) repreſent 
an Object ſeen by Reflection from the plain 
Surface SV, and let the Rays AF, AG be ſo 
inclined to the Surface that they ſhall enter 
an Eye at H after Reflection; and let AE be 


(a) This Obſervation, except where an Object is ſeen by Re- 
flection from a plain Surface, relates only to thoſe Caſes where the 
Repreſentation is made by means of ſuch Rays, as fall upon there- 
flecting Surface with a very ſmall Degree of Obliquity ; becauſe 
ſuch, as fall at a confiderable Diftance from the Perpendicular, 
proceed not after Reflection as from any Point in that Perpendicu- 
lar (ſee the ſecond and third Obſervations in the Note to the fore- 
going Chapter) but as from other Points fituated in a certain 
Curve, as there explained ; upon which Account theſe Rays are 
neglected as forming a confuſed and deformed Repreſentation. 
And therefore it is to be remembered, that however the Situation 
of the Eye, with reſpe to the Object and reflecting Surface, 
may be repreſented in the following Figures, it is to be ſuppoſed 
as ſituated in ſuch Manner with reſpect to the Object, that Rays, 
flowing from thence and entering it after Reflection, may be ſuch 
only as fall with a very ſmall Degree of Obliquity upon the 
Surface ; that is, the Eye muſt be ſuppoſed to be placed almoſt 
directly behind the Object, or between it and the reflecting 
Surface. The Reaſon why it is not always fo placed, is only 
tg avoid Confuſion in the Figures. 


Pe rpen- 
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perpendicular to the Surface: Then by the Ob- 
ſetvation juſt laid down, the Point A will ap- 
ear in ſome Part of the Line AE produced, 
Foppoſe I; that is, the oblique Rays AF and AG 
will proceed after Reflection as from that 
Point; and further, becauſe the reflected Rays 
FH, GK, will have the ſame Degree of Incli- 
nation to each other, that their incident ones 
have (as was ſhewn in Propoſition the firſt 
of the foregoing Chapter) that Point muſt ne- 
ceſſarily be at the ſame Diſtance from the 
Surface that the Point A is; the Repreſenta- 
tion therefore of the Point A, will be at the 
ſame Diſtance behind the Surface, that the 
Point itfelf is before it, and directly oppoſite 
to it: Conſequently ſince the like may be ſhewn 
of the Point B, or any other, the whole Image 
IM will appear at the ſame Diſtance behind 
the Surface that the Object is before it, and 
directly oppo/ite to it; and becauſe the Lines 
Al, BM, which are perpendicular to the 
plain Surface, are for that Reaſon parallel to 
each other, it will alſo be of the ſame Mag- 
nitude threwith. As was to be ſhewn (5). 

II. When an Object is ſeen by Reflection 
from a convex Surface, its Image appears 
nearer to the Surface, and %% than the 
Object. 

Let 


(4) If the Object be placed before a common Looking glaſs, 
ard viewed obliquely, three, four, or more Images of it will 
appear behind the Glaſs. | T 
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Let AB (Fig. 54.) repreſent the Object, SV 

a reflecting Surface, whoſe Center of Convexity 
is C: And let the Rays AF, AG, be ſo inclined 
to the Surface, that after Reflection thereat, 
they ſhall enter the Eye at H: And let AE be 
perpendicular to the Surface: Then will the 
oblique Rays AF, AG, proceed after Reflection 
as from ſome Point in the Line AE produced, 
(by the Obſervation laid down at the Beginning 
of this Chapter) ſuppoſe from I; which Point, 
becauſe the reflected Rays will diverge more 


To explain this, let ABCD (Fig. 53.) repreſent the Glaſs, and 
let EF be the Axis of a Pencil of Rays flowing from E, a Point 
in an Object ſituated there. The Rays of this Pencil will in Part 
be reflected at F, ſuppoſe into the Line FG, (ſee the Manner in 
which Light is reflected Chap. 18.) What remains will (after 
Refraftion at F, which we don't ccnfider here) paſs on to H; 
from whence (on Account of the Quickfilver which is ſpread over 
the ſecond Surface of Glaſſes of this Kind to prevent any of the 
Rays from being tranſmitted there) they will be ftiongly reflected 
to K, where Part of them will emerge and enter an EyeatL: 
By this means one Repreſentation of the ſaid Point will be formed 
in the Line LK produced, ſuppoſe in M. Again, another 
Pencil whoſe Axis is EN, firſt reflected at N, then at O, and 
afterwards at P, will form a ſecond Repreſentation of the 1ame 
Point at Q. And thirdly, another Pencil whoſe Axis is ER, 
after Reflection at the ſeveral Points R. S, H, T, V. ſucceſſively, 
will exhibit a third Repreſentation of the ſame Point at X; and 
ſo on in infnitum. The ſame being true of each Point in the 
Object, the whole will be repreſented in the like Manner; but 
the Repreſentations will be faint, in Proportion to the Number 
of Reflections the Rays ſuffer and the Length of their Progreſs 
within the Glaſs. We may add to theſe another Repreſentation 
of the ſame Object in the Line LO produced, made by ſuch of 
the Rays as fall upon O, and are from thence reflected to the 
Eye at L. 

This may be tried byPlacing a Candle before the Glaſs as at 
E, and viewipg it obliquely, as from L. 


than 
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than the incident ones (Prop. the fixth of the 8 
foregoing Chapter) mult be nearer to the Sur- 
face than the Point A. And fince the fame 


is true alſo of the Rays which flow from B, 


or any other Point, the Repreſentation 1M 


will be nearer to the Suriace than the Object; 
and becaule it is terminated by the Perpen- 
_ diculars AE and BF which incline to each 
other, as concurring at the Center, it will alſo 
appear /eſs. 

III. When an Object is ſeen by Reflection 
fron a concave Surface, the Repreſentation of 
it is various, both vith regard to its Magni- 
tude and Sitnation, according as the Diſtance 
of the Object from the reflecting Surface is 
2 or /eſs. 

When the Ohject is nearer to the Surface, 
4 its Focus of parallel Rays, the Image falls 
on the oppoſite Side the Surface, is more diſtant 
from it, and larger than the Object. 

Thus let AB, "Fig. 5.) be the Object, SV 7 
the refleting vurface, P. the Focus of parallel 7 
Ravs, C its enter. Through A and B the 
Extremities of the Object draw the Lines 
CE, CR, which will be perpendicular to the 
Surface, and let the Rays AR, AG, be inci- 
dent upon ſuch Points of it that they ſhall be 
reflected into an Eye at H. Now becauſe the 
Radiant Points A and B are nearer the Surface 
than F the Focus of parallel Rays, the reflected 
Rays will diverge (Chap. IX. Prop. 4.) 1 

I 


4 a * 8 
Su. - Yo " j 
ax Si 3 — 
Cn ds <a 
4 ad 
; WE. : 


8 


O ibe Appearance of Bodies, &c. 29 
vill therefore proceed as from ſome Points on 
the oppoſite Side the Surface; which Points, 
8 by the Obſervation laid down at the Beginning 
of this Chapter, will be in the Perpendiculars 
AE, BR, produced, ſuppoſe in I and M: But 
they will diverge in a leſs Degree than their 
incident ones (ſee the Propofition juſt referred 
to) and therefore the ſaid Points will be farther 


q from the Surface than the Points A and B. 
The Image therefore will be on the oppoſite 


Side the Surface with reſpect to the Object, 
it will be mare diſtant than it, and conſe- 


quently, being terminated by the Perpendi- 
culars CI and CM, it will alſo be larger. 


2. When the Object is placed in the Focus 
of parallel Rays, the reflected Rays enter the 
Eye parallel (Chap. IX. Prop. 4.) in which 
Caſe the Image ought to appear at an infinite 
Diſtance behind the reflecting Surface; but 


| the Repreſentation of it, for the like Reaſons 


that were given in the foregoing Caſe, being 
large and diſtinct, we judge it not much far- 


| ther from the Surface than the Image (c). 


3. When the Object is placed between the 


5 Focus of parallel Rays and the Center, the Image 
falls on the oppo/ze Side the Center, is larger 
5 than the Object, and in an inverted Poſition. 


Thus let AB (Fig. 50.) repreſent the Object, 


SV the reflecting Surface, F its Focus of pa- 


(c) See what has been ſaid concerning the apparent Situation 
of Objects ſeen by parallel Rays, in Chapter VII. 
rallel 
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rallel Rays, and C its Center. Through A 
and B the Extremities of the Obje& draw the 
Lines CE and CN which will be perpendi- 
cular to the Surface; and let AR, AG, be 
a Pencil of Rays flowing from A. Theſe 
Rays proceeding from a Point beyond the 
Focus of parallel Rays will after Reflection 
converge towards ſome Point on the oppoſite 
Side the Center (Chap. IX. Prop. 4. Cale z.) 
which will fall upon the Perpendicular EC 
produced ; but at a greater Diſtance from C 
than the Radiant A from which they diverged, 
(by the Propoſition and Caſe juſt referred to.) 
For the ſame Reaſon, Rays flowing from B 


will converge to a Point in the Perpendicu- 7 


lar NC produced, which ſhall be farther from 
C than the Point B; from whence it is evi- 
dent, that the Image IM is larger than the Ob- 
jet AB, that it falls on the contrary Side 
the Center, and that their Poſitions are in- 
verted with reſpect to each other. 

4. If the Object be placed beyond the Center 
of Convexity the Image is then formed between 
the Center and the Focus of parallel Rays, 
is /z/s than the Object, and its Poſition is in- 
Ver ted. | 

This Propoſition is the Converſe of the 


| 


foregoing: For as in that Caſe Rays pro- 


ceeding from A were reflected to I, and 
from B to M; fo Rays flowing from I and M 
will be reflected to A and B; if therefore an 

| Object 
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1 4 Object be ſuppoſed to be ſituated beyond the 
Center in IM, the Image of it will be formed 
in AB, between that and the Focus of parallel 
X Rays, will be % than the Object, and in- 
verted. 
5. If the Middle of the Object be placed in 
the Center of Convexity of the reflecting Surface, 
the Object and its Image will be coincident; 
but the Image will be iverted with reſpect 

to the Object. 
That the Place of the Image and the Object 
ſhould be the fame in this Caſe needs little 
Explication; for the Middle of the Object being 
in the Center, Rays flowing from thence will 
fall perpendicularly upon the Surface, and 
therefore neceſſarily return thither again; ſo 
that the Middle of the Image will be coin- 
cident with the Middle of the Object. But 
that the Image ſhould be inverted is perhaps 
not ſo clear. To explain this, let AB (Fig. 57.) 
be the Object having its middle Point C in the 
"Fx Center of the reflecting Surface SV ; through 
the Center and the Point R draw the Line 
X CR which will be perpendicular tothe reflecting 
=. & ourface, join the Points AR and BR, and let 
A repreſent a Ray flowing from A, this will 
be reflected into RB, for C being the middle 
Point between A and B the Angles ARC and 
Ch; are equal; and a Ray from B will like- 
8X "iſe be reflected to A; and therefore the Poſi- 
0 tion 
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tion of the Image will be inverted with re- 
ſpect to that of the Object (). 
6. If in any of the three laſt Caſes, in 


each of which the Image is formed on the ſame 


Side the reflecting Surface with the Object, the 9 F 


Eye be fituated farther from the Surface than 


the Place where the Image falls, the Rays of 
each Pencil, crofling each other in the ſeveral 


Points of the Image, will enter the Eye as from 


a real Object ſituated there; ſo that the Image 
will appear pendulous in the Air between the 
Eye and the reflecting Surface, and in the Po- 
fition wherein it is formed, viz. inverted with 


reſpe& to the Object, in the ſame Manner that 


an Image formed by refracted Light appears 
to an Eye placed beyond it ; which was fully 
explained under the fourth Propoſition of the 


ſeventh Chapter, and therefore needs not be 


repeated here. 
But as to what relates to the Appearance of 


the Object when the Eye is placed nearer to 1 


the Surface than the Image, that was not there 


fully enquired into. That Point ſhall there- 
fore now be more ſtrictly examined under 


the following Caſe, which equally relates to 'Y 


refracted and reflected Light. 


(4) In this Propoſition it is to be ſuppoſed that the Object AB 


is ſo ſituated with reſpect to the reflecting Surface that the Angle 1 
ACR may be right ; for otherwiſe the Angles ARC and BRC 
will not be equal, and Part of the Image will therefore fall upon 
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7. If the Eye be ſituated between the re- 
flecting Surface and the Place of the Image, 
the Object is then ſeen Scyond the Surface; and 


the farther the Eye recedes from the Surface 
towards the Place of the Image, the more con- 


fuſed, larger, and nearer the Object appears. 


To explain this, let AB (Fig. 58.) repretent 
the Object, IM its Image, one of whoſe Points, 
M, is formed by the Concurrence of the reflect- 
ed Rays DM, EM, Sc. which before Reflection 
came from B; the other, I, by the Concur- 
rence of DI, EI, Sc. which came from A; 
and let ab be the Pupil of an Eve ſituated 
between the Surface DP and the Image. 'I his 
Pupil will admit the Rays Ha, Kb, which, be- 
cauſe they are tending towards I, arc fuch as 
came from A, and therefore the Point A will 
appear diffuſed over the Space RS. In like 
Manner the Pupil will alſo receive into it the 
reflected Rays Ka and Lb, which, becauſe they 
are tending towards M, by Suppoſition came 
from B; and therefore the Point B will be 
ſeen ſpread as it were over the Space TV, and 
the Object will ſcem to fill the Space RV; but 
the Repreſentation of it will be confuſed, be- 
cauſe the intermediate Points of the Object, being 
equally inlarged in Appearance, there will not 
be Room for them between the Points S and T, 
but they will coincide in part one with another ; 
for Inſtance, the Appearance of that Point in 
the Object, whole Repreſentation falls upon c in 

Vor. II. C the 
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the Image, will fill the Space n, and ſo of the 
reſt. Now if the ſame Pupil be removed into the 
Situation ef, the reflected Rays Ee and Gf will 
then enter the Eye, and therefore one Extre- 
mity of the Object will appear to cover the 
Space XY ; and hecauſe the Rays Of and Le 
will alſo enter it in their Progreſs towards M, 
the Point B, from whence they came, will 
appear to cover ZV; the Object therefore will 
appear larger and more confuſed than before. 
And when the Eye recedes quite to the Image, 
it ſees but one ſingle Point of the Object, and 
that appears diffuſed all over the reflecting 
Surface: For Inſtance, if the Eye recedes to 
the Point M, then Rays flowing from the Point 
B enter it upon whatever Part of the Surface 
they fall: And ſo for the reſt. The Object alſo ap- 
pears nearer to the Surface, the farther the Eye 
recedes from it towards the Place of the Image, 
probably becauſe as the Appearance of the 
Object becomes more and more confuſed, its 
Place is not fo eaſily diſtinguiſhed from that of 
the reflecting Surface itſelf, till at laſt when it 
is quite confuſed (as it is when the Eye is arrived 
at M) they both appear as one, the Surface 

alluming the Colour of the Object (e). 
As 


(e) As to the preciſe apparent Magnitude of an Object ſeen 
after this Manner, it is ſuch that the Angle it appears under 
ſhall be equal to that which the Image of the ſame Object 
would appear under, were we to ſuppole it ſeen from the ſame 
Place: That is, the apparent Object (for ſuch I muſt call it to 
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As each Point in the Repreſentation of an 
Object made by Reflection is ſituated ſome- 
where in a right Line that paſſes through its 


correſpondent Point in the Object, and is per- 


pendicular to the reflecting Surface, as was 
ſhewn in the Beginning of this Chapter; we 
may from hence deduce a moſt eaſy and ex- 


J peditious Method of determining both the 


diſtinguiſh it from the Image of the fame Object) and the Image 


ſubtend equa! Angles at the Eye. 


P 3 
* * 
wy” SY 
os 
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Dem. Here we muſt ſuppoſe the Pupil of the Eye to be a Point 
only, becauſe the Magnitude of that cauſes ſome ſmall Altera- 
tion in the apparent Magnitude of the Object; as we ſhall ſee by 
and by. Let then the Point @ repreſent the Pupil, then will 
the extreme Rays that can enter it be Ha and Ka, the Object 
therefore will appear under the Angle Ha K, which is equal to its 


vertical one Mal, under which the Image IM would appear, 


were it to be ſeen from a. Again, if the Eye be placed in /, the 
Object appears under the Angle GO equal to 1 FM which 
the Image ſubtends at the ſame Place, and therefore the appa- 
rent Object and Image of it ſubtend equal Angles at the Eye, 
E. D. 
Eowif we ſuppoſe the Pupil to have any ſenſible Magnitude, 
ſuch ſuppoſe that its Diameter may be ab, then the Object ſeen 
by the Eye in that Situation will appear under the Angle HxL, 
which is larger than the Angle HaK under which it appeared 
before; becauſe the Angle at x is nearer than the Angle at ag 
to the Line IM, which is a Subtenſe common to them both. 
From this Propoſition it follows, that, were the Eye cloſe to 
the Surface at K, the real and apparent Object would be ſeen 
under equal Angles (for the real Object appears from that Place 
under the ſame Angle that the Image does, as will be ſhewn 
at the End of this Chapter) therefore when the Eye is nearer 
to the Image than that Point, the Image will ſubtend a larger 
Angle at it than the Object does; and conſequently fince the 
Image and apparent Object ſubtend equal Angles at the Eye, the 
apparent Object muſt neceſſarily be ſeen under a larger Angle 
than the Object itſelf, wherever the Eye be placed between the 


Surface and the Image, | 
i Mag- 
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Magnitude and Situation of the Image in all 
Caſes whotever. Thus, 

Through the Extretajties of the Object AB, 
and the Center C, (Fig. 59, 60, or 61.) draw 
the Lines AC, BC, and produce them as the 
Caſc requires; theſe Lines will be perpendieu- 
lar to the refle ting Surface, and therefore the 
Extremities of the Image will fall upon them. 
Through F che middle Point of the Object 
and the Centcr, draw the Line FC and pro- 
duce it till it aſſes through the reflecting Sur- 
face, this wil alſo be perpendicular to the 
Surface. Through G, the Point where this Line 
cuts the Surface, draw the Lines AG and BG 
and produce them this Way or that, till they 
croſs the former Perpendiculars; and where 
they croſs, there I and M the Extremities 
of the Imege will fall. For ſuppoſing AG 
to be a Ray proceeding from the Point A 
and falling upon G, it will be reflected to B; 


becauſe FA is equal to FB, and FG is per- 


pendiculzr to the reflecting Surface; and there- 
fore the Repreſentation of the Point A will 
be in BG produced as well as in AC, 
conſequently it will fall on the Point I where 
they croſs each other. Likewiſe the Ray 
BG will for the ſame Reaſon be reflected 
to A, and therefore the Repreſentation of 
the Point B will be in AG produced as 
well as in ſome Part of BC, that is in M 
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where they croſs. From whence the Propo- 
ſition 1s clear. 1 

If it happens that the Lines will not croſs 
which Way ſoever they are produced, as in 
(Fig. 62.) then is the Object in the Focus of 
parallel Rays oſ that Surface, and has no Image 
formed in any Place whatever. For in this 
Caſe the Rays AH, AG, flowing from the Point 
A, become parallel after Reflection in the Lines 
HC, GB, and therefore do not flow as to or 


from any Point: In like Manner Rays flowing 


from B are reflected into the parallel Lines KB 
and GA; ſo that no Repreſentation can be 
formed by ſuch Reflection. | 

From hence we learn another Circumſtance 
relating to the Magnitude of the Image made 
by Reflection; vig. that it ſubtends the ſame 
Angle at the Vertex of the reflecting Surface 
that the Object does. This appears by In- 
ſpection of the 59, 60, or 61ſt Figure, in each 
of which the AngleIGM, which the Image ſub- 
tends at G the Vertex of the reflecting Surface, 


is equal to the Angle AGB, which the Object 


ſubtends at the ſame Place; for in the two 


= firſt of thoſe Figures they are vertical, in the 


third they are the ſame. And | 

Farther, the Angle ICM, which the Image 
ſubtends at the Center, is alſo equal to the 
Angle ACB which the Object ſubtends at 


the fame Place; for in the two firſt Figures 


C 3 they 
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| they are the ſame, 1n the laſt they are vertical 
| to each other. 

From whence it is evident, that the Object 
and its Image are to each other in Diameter, 
either as their reſpective Diſtances from the 
Vertex of the reflecting Surface, or as their 
Diſtances from the Center of the ſame. 

IV. As Objects are multiplied by being ſeen 
through tranſparent Media, whoſe Surfaces are 
properly diſpoſed, as was explained (Chap. VII. 
Prop. 4.) ſo they may allo by reflecting Sur- 
faces. Thus, 

1. If two reflecting Surfaces be diſpoſed at 
right Angles, as the Surfaces AB, BC, (Fig. 
63.) an Object at D may be ſeen by an Eye 
at E, after one Reflection at F, in the Line 
EF produced; after two Reflections, the firſt 
at G, the ſecond at H, in the Line EH pro- 
duced; and alſo after one Reflection made at 
A, in the Line EA produced. | : 

2, If the Surfaces be parallel, as AB, CD, 
(Fig. 64.) and the Object be placed at E and 
the Eye at F, the Object will appear multiplied 
an infinite Number of Times: Thus, it may be 
ſeen in the Line FG produced, after one Re- 
flection at G; in the Line FH produced, after 
two Reflections, the firſt at I, the ſecond at 
H; and alſo in FP produced, after ſeveral 
ſucceſſive Reflections of the Ray EL, at the 
Points L, M, N, O, and P: And fo on in in- 
finitum. But the greater the Number of Re- 
; flections 
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flections are, the weaker the Repreſentation 
will be. 

There are reflecting Surfaces made, ſome 
cylindrically convex, others cylindrically con- 
cave; both which Kinds are deſigned to ren- 
der the Image of an Object deformed, by aug- 
menting or diminiſhing it in one Dimenſion 
and not in another; for the former Sort are 
convex one Way, viz. round their Axes, and 
plain the other, vis. lengthwiſe; the other 
are concave round their Axes, and plain the 
other Way : Upon which Account Surfaces of 
theſe Kinds neceſſarily have ſuch Effects. 
When a very deformed Picture, or rather 
no Picture at all, but a ſeemingly irregular and 
accidental Poſition of Colours is placed be- 
fore one of theſe Surfaces, and ſeen by Re- 
flection from thence, a beautiful and well pro- 
portioned Image ſhall appear therein. But to 
explain Phenomena of this Kind is not the 
Intent of this Compendium. Enough has been 
ſaid to explain the Principles of Catoptrics. 
Paſs we on now to the third and laſt Diviſion 
of Optics, viz. the Doctrine of Colours. 
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they are the ſame, in the laſt they are vertical 
to each other. | 

From whence it is evident, that the Object 
and its Image are to each other in Diameter, 
either as their reſpective Diſtances from the 
Vertex of the reflecting Surface, or as their 
Diſtances from the Center of the ſame. 

IV. As Objects are multiplied by being ſeen 
through tranſparent Media, whoſe Surfaces are 
properly diſpoſed, as was explained (Chap. VII. 
Prop. 4.) ſo they may allo by reflecting Sur- 
faces. Thus, 

1. If two refleQting Surfaces be diſpoſed at 
right Angles, as the Surfaces AB, BC, (Fig. 
63.) an Object at D may be ſeen by an Eye 
at E, after one Reflection at F, in the Line 
EF produced; after two Reflections, the firſt 
at G, the ſecond at H, in the Line EH pro- 
duced; and alſo after one Reflection made at 
A, in the Line EA produced. | 

2. If the Surfaces be parallel, as AB, CD, 
(Fig. 64.) and the Object be placed at E and 
the Eye at F, the Object will appear multiplied 
an infinite Number of Times: Thus, it may be 
ſeen in the Line FG produced, after one Re- 
flection at G; in the Line FH produced, after 
two Reflections, the firſt at I, the ſecond at 
H; and alſo in FP produced, after ſeveral 
ſucceſſive Reflections of the Ray EL, at the 
Points L, M, N, O, and P: And fo on in in- 
initum. But the greater the Number of Re- 
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flections are, the weaker the Repreſentation 


will be. | 


There are reflecting Surfaces made, ſome 
cylindrically convex, others cylindrically con- 
cave; both which Kinds are deſigned to ren— 
der the Image of an Object deformed, by aug- 
menting or diminithing it in one Dimenſion 
and not in another ; for the former Sort are 
convex one Way, vis. round their Axes, and 
plain the other, v/z. lengthwiſe; the other 
are concave round their Axes, and plain the 
other Way : Upon which Account Surfaces of 
theſe Kinds neceſſarily have ſuch Effects. 

When a very deformed Picture, or rather 
no Picture at all, but a ſeemingly irregular and 
accidental Poſition of Colours is placed be- 
fore one of theſe Surfaces, and ſeen by Re- 


flection from thence, a beautiful and well pro- 


portioned Image ſhall appear therein. But to 
explain Phenomena of this Kind is not the 
Intent of this Compendium. Enough has been 
ſaid to explain the Principles of Catoprrics. 
Paſs we on now to the third and laſt Diviſion 
of Optics, viz. the Doctrine of Colours. 
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CHAP, XI, 


Of the different Refrangibility in the 
Rays of Light; of ibe Colours the 
diſtin& Species of them are diſpoſed 
to excite; and of the Cauſe of that 
Variety sf Colours which is objerv- 
able in Bodies. 


N treating of the Refraction of Light in the 
Beginning of this Part, we ſuppoſed that 

all Light in paſſing out of one Medium into 
another of different Denſity, is equally refracted 
in the ſame or like Circumſtances. This is the 
Notion the Philoſophers before Sir Lee Neu- 
ton's Time had of it; but that inde! fatigable and 


circumſpect Author has difcovercd that it is 
not fo, but that here are different Species of 


1 and that each Species is diſpoſed both 
to ſuffer a different Degree of Refrangibility 


in paſſing out of one Medium into another, and 


to excite in us the Idea of a different Colour 


from the reſt; and that Bodies appear of that 


Colour which ariſes from the Compoſition of the 
Colcurs the ſeveral Species they reflect are diſ- 


poſed to excite. 


There are Abundance of Experiments made 
by Sir Jaac Newton and others for the Con- 
firmation 
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flir mation of this Doctrine; I ſhall only ſelect 
the following ones, which will ſufficiently il- 
luſtrate the Propoſition, and evince the Truth 
of it. And 
* Firſt, There are different Species of Light, and 
each Species is diſpoſed to ſuffer a different 
Degree of Refrangibility, and to excite the Idea 
of a different Colour. 
To ſhew this, let a Room be darkened, and 
the Sun permitted to ſhine into it through a 
* ſmall Hole in the Window-ſhutter, and te 
made to fall upon a Glaſs Priſm (by which is 
meant a Piece of Glaſs of a triangular Form, 
ſuch as is repreſented in Figure 65.) then will 
the Sun's Light in paſſing through this Priſin 
S ſuffer different Degrees of Refraction, and by 
that means be parted into different Rays, which 
Rays being received upon a clean white Paper 
will exhibit the following Colours, vz. Red, 
Orange, Yellow, Green, Blue, Indigo, and a 
Violet Purple. Thus, let AB (Fig. 66.) re- 
2X preſent the Window-ſhutter, C the Hole in it, 
DEF the Priſm, Z a Ray of Light coming 
from the Sun, which paſſes through the Hole 
and falls upon the Priſm at V, and if the Prin 
were removed would go on to X, but in 
entering its firſt Surface EF ſhall be refracted 
into the Courſe VW, falling upon the ſecond 
in W, where in going out into the Air it ſhall 
be refracted again. Let the Light now, after 
it has paſſed the Pri/m, be received upon a 
b Sheet 
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Sheet of white Paper GHIK held at a proper 
Diſtance, 2nd it will exhibit upon the Paper 
a Picture or Image at LM of an oblong Fi- 
gure, whoſe Ends are ſemicircular and Sides 
ſtrait. And it ſhall be variegated with Co- 
lours after the following Manner. From the 
Extremity M to ſome Length ſuppoſe to 
the Line zo, it ſhall be of an intenſe Red; 
from 0 to pg it ſhall be of an Orange Colour; 
from pg to vs it ſhall be Ye/low; from thence 
to tu it ſhall be Green; from thence to wx 
Blue; from thence to yz Indigo; and from 
thence to the End Violet. And if the whole 
Image be divided lengthwiſe into 360 equal 
Parts, the Red ſhall take up 45 of them, the 
Orange 27, the Yellow 48, the Green 60, 
the Blue 60, the Indigo 40, and the Violet 
80 (J. 

To 


J) Sir Jſaac Newton in his Optics has ſhewn how from the 
RefraQtion of the molt refrangible and leaſt refrangible Rays, to 
find the Refraction of all the intermediate ones. His Rule is 
this, if the Sine of Incidence be to the Sine of Refraction in the 
leaſt refrangible Rays as AV to BC (Fig. 67.) and to the Sire 


of Refraction in the moſt refrangible as AV to BD; and if 1 


CE be taken equal to CD, and then ED be ſo divided in 
F, G, H, I. K, L, that ED, EF, EG, EH, EI, ER, 
EL, EC, may be proportional to the eight Lengths of muſical 
Chords, which ſhall ſound the Notes in an Octave, ED being 
the Length of the Key, EF the Length of the Tone above that 
Key, EG the Length of the %%er Third, EH of the Fourth, 
El of the F;/th, EK of the greater Sixth, EL of the 
Seventh, and EC of the Odtade above that Key; that is, 
If the Lines ED, EF, EG, EH, EI, EK, EL, and 
EC bear the ſame Proportion to each other as the Numbers 
I, 
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Ch. XI. in the Rays of Light; &c. 43 
Io render this Proof complete, we muſt now 
ſhew that theſe Diſpoſitions of the Rays of 
Light, to produce ſome one Colour, and ſome 
& another, which manifeſt themſelves after being 
© refracted, are not wrought by any Action of 
the Priſm upon them, but are originally inhe- 
rent in thoſe Rays; and that the Priſm only af- 
fords each Species an Occaſion of ſhewing its 
diſtinct Quality, by ſeparating them one from 
the other, which before, while they were blend- 
ed together in the unfracted Light of the Sun, 
lay concealed. 

This will be proved by the following Experi- 
ment. Things remaining as in the foregoing one, 


I, 5, 3, 4, 4, 3, 3» 25 reſpectively, then ſhall BD and 
BF be the Limits of the Sines of Refraction of the Violet Rays; 
that is, the Violet coloured Rays ſhall not all of them have 
preciſely the ſame Sine of Refraction, but none of them ſhall 
have a greater Sine than BD nor a leſs than BF, though there 
be Violet coloured Rays which anſwer to any Sine of Refraction 
that can be taken between theſe two. In the ſame manner BF 
and BG are the Limits of the Sines of Refraction of the In- 
digo; BG and BH are the Limits belonging to the Blue ; BH 
and BI, the Limits pertaining to the Green; BI and BK, the 
Limits for the Ye/low ; BK and BL, the Limits for the Orange 
coloured Rays; and laſtly BL and BC, thole of the Sines of Re- 
fraction belonging to the Red. 

And particularly, when Light paſſes out of a Glaſs into Air, 
if the Sine of its Angle of Incidence be 50, the Sine of the 
Angle of Refraction of the Red will be between 77 and 
XZ 77x: ©! the Orange coloured between 774, and 774, of the 
elle between 774 and 773, of the Green betwecn 77% and 

772, of the Blue between 77% and 77%, of the Indigo between 
777 = 775 and of the Violet coloured Rays between 773 
W 


let 


| | 
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let another Priſm, as NO (Fig. 68.) be placed 
either cloſe to, or at ſome Diſtance from 
the firſt, in a perpendicular Situation with re- 


ſpect to the former, ſo that it may refract the 
Rays iſſuing from thefirſt ſideways. Nov, if this 
Priſm could ſeparate the Light which falls upon 


it into coloured Rays, as the other did, it would 


divide the Image breadthwiſe into Colours, as 
before it was divided lengthwiſe ; but no ſuch 
Thing is obſervable : For the Image (hall only 


be thrown out of the perpendicular Situation 


LM into the oblique one PQ ; the upper Parts, 
which were more refracted in the former Caſe, 
being more refracted in this, and therefore made 
to recede farther ſideways from their former Si- 
tuation L, than the lower ones are from M. 
And farther, each Colour ſhall be uniform from 


Side to Side in the oblique Image, as well as in J 


the perpendicular one. 


It there be any Objection againſt the Suffici- 
ency of this Proof, it muſt be, that the Rays, 
when they fall upon the ſecond Priſm, are not 
all in like Circumſtances, with regard to their | 
Inclination to its Surface; I ſhall therefore, to 


obviate that Objection, add one more Experi- 


ment which ſeems to be peculiarly adapted to 


that Purpoſe. It is as follows : 


Two Boards AB, CD, (Fig. 69.) being 
erected in a darkened Room at a proper Ditl- 
tance, one of them AB, being near the Win- 
dow-ſhutter EF, a Space being only left for the 
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| "XZ Priſm GHI to be placed between them; ſo 
that Part of the Rays, which enter the Hole 
- "FM, may, after paſſing through the Priſm, 
e be tranſmitted through a ſinaller Hole K 
s made in the Board AB, and paſſing on from 
n thence go out at another Hole L, made in 
d the Board CD, of the fame Size as the Hole 
3 EK, and ſmall enough to tranſmit the Rays of 
h one Colour only at a Time: Let another Priſm 
P be placed behind the Board CD to receive 
n the Rays paſſing through the Holes K and L, 
„ and aſter Refraction by that Priſm, let the Rays 
e, fall upon the white Surface ST. Suppoſe, firſt, 
je the Violet Light to paſs through the Holes, and 
i⸗ to be refracted by the Priſm PQR to , which, 
1. if that Priſm were not there, would have paſſed 
m on to W. If the Priſm GHl he turned about 
in flowly, fo that the incident Ray ZY may fall 
q more obliquely upon it, while the Boards and the 
j. other Priſm remain fixed, in a little Time ano- 
„% ther Colour, ſuppoſe Indigo, which we may 
ot ſuppoſe before to have proceeded to 7, will 
cir paſs through the Holes K and L, and, if the 
to Priſm PQR were away, would proceed like 
ti- the former Rays to the ſame Point W. Now 
to the Refraction of this Priſm will not carry 
WM theſe Rays to 5 as it did the other, but to 
ng 7 ſome Place leſs diſtant from W, as to r. 
iu. But it is manifeſt that the Holes K and L being 
in⸗ in the ſame Situation in each Caſe, both Sorts 
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of Rays enter the Priſm PQR under the fame 
2 e 
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Circumſtances, for they are equally inclined |* 
to its Surface RP, and enter it at the ſame 
Point thereof; which ſhews that the one Spe- 
cies is more diverted out of its Courſe by 
Refraction than the other is, when the Cir- ©: 
cumſtances of Incidence are the ſame in each, 
Farther, if the Priſm GHI be turned about 
till the Rays which exhibit Blue paſs through * 
the Hole L, theſe will fall upon the Surface 
ST below 7, as at u, and therefore are ſubject 
to a leſs Degree of Refraction than ſuch as 
produce Indigo. And thus by proceeding it 
will be found that the Green is leſs refracted 
than the Blue, and ſo of the remaining Co— 
lours, according to the Order in which they 
are repreſented in an Image formed by a 
ſingle Priſm (g). 


(2) There are Abundance of Experiments made by the Author 
of this Doctrine and others for the Confirmation of it, as was 
obſerved above. To give them all at full Length would tire 
the Reader. As that if a Body be painted one half Red, and 
the other Blue, and then viewed through a Priſm; the appa- 
rent Place of the one half ſha't be different from that of the 
other: And if it be painted with a Mixture of theſe two Colours, 
it ſhall appear confuſed and deformed. Both which evidently 
ſhew that the Rays, which each of theſe Colours iefteRt, ſuffer 
different Degrees of Refraction in paſfing through the Priſm. 
And if two Bodies be painted, the one Red and the other 
Blue, and the Rays which flow from them be made to paſs 
through a convex Lens, the Focus, made by the Concurrence of 
the Bays which flow from that which is painted with Blue, 
ſha!l fall at a leis Diſte ace behind the Lens, than that which 
is made by thoſe which come from the Red one. See the 
Experiment made by Dr. Dſaguliers in a very accurate Man- 
ner (Philoſoph. Tranſ. Ne 426.) 1 Oppoſition to Srgnor Ritzetti, 
who diſputes the Concluhveneſs of Sir{/aac Newton's Experiments. 


And 
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And alſo each Species of Rays is diſpoſed 
to excite in us the Idea of a different Colour. 
TE This is ſufficiently clear from what has been 
already ſaid, and is farther confirmed by what 
follows, viz. That whatever Species of Rays 
are thrown upon any Body, they make that 
Body appear of their own Colour. Thus 
Ainium in red Light appears of its own 
Colour; but in ye/low Light it appears yellow ; 
and in green Light it appears green; in blue, 
blue; and in violet-purple coloured Light it 
appears of a purple Colour: In like manner 
verdigreaſe will put on the Appearance of that 
Colour in which it is placed. But each of 
I theſe Bodies appears molt luminous and bright 
when enlightened with its own Colour, and 
dimmeſt in ſuch as are moſt remote from 
that. Tis certain therefore each Ray is diſ- 
poſed to excite its own Colour, which is 
neither to be altered by Refraction nor Re- 
flection. 
Thus much in Confirmation of the firſt Part 
Pof the Propoſition, viz. That there are diffe- 
rent Species of Light, that each Species is 
Jiſpoſed to ſuffer a different Degree of Re- 
Itrangibility, and to excite in us the Idea of a 
different Colour. We proceed now to the 
ſecond Part of the Propoſition, vis. 

F 2. That Bodies appear of that Colour, which 
WF :clults from a Compoſition of thoſe Colours, 
8 oe which 
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which the ſeveral Species they reflect are diſ- 
poſed to excite. 

We have juſt now ſeen that each Ray, 
whatever be the Colour of the Body it is re- 
flected from, is able to excite no other Ide 
than that of its own Colour, and that coloured 
Bodies reflect not all the different Sorts of Ras 
that fall upon them in equal Plenty; but ſome 
Sorts, viz. thoſe of their own Colour, much 
more copiouſly than others. We will now pro- 
ceed to ſhew, that the other Colours may be 

roduced from a Mixture of thoſe ſeven, Which 
Ray s of Light when ſeparated by a Priſm are 
diſpoſed to exhibit. From whence it will be 1 
rational to conclude, that Bodies appear of that 
Colour which ariſes from the Mixture of thoſe 6 
which they reflect. NY | 

1. All the priſmatic Colours (viz. thoſe 8 
which are made by the Priſm) mixed together 1 
appear White a little inclining to Yellow, ſuch 21 
as is that of the Sun's Light. 43 

To ſhew this, let a convex Lens be placed | L 
between the Priſm and the Paper which re- 
ceives the Image, in order tnat the Rays fe- F 
parated by it may be collected into a Focus; 3 
and let the Focus fall upon the Paper, then 
will the Spot where it falls appear White. And 1 
that the White 5 of this focal Point is owing y 
to the Union of thoſe Colours appears from 
hence, that if we remove the Paper from the 
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focal Point, and ſuffer the Rays to croſs each 
other in the Focus, and if when they heve pro- 
„  ceeded to ſome Diſtance beyond, they be then 


Or it the Circumference of a Wheel be 
painted with the pri/matic Colours taken in 


3 received upon the Paper, the ſame coloured 
22 F Image will be exhibited, but inverted, becauſe 
ed FX the Rays croſs each other in the Focus; an 
ys evident Proof that the Whiteneſs of the Spot 
ne was owing to nothing but the Mixture of the 
ch Rays conſtituting the ſeveral Colours of the 
o- Image. But if the Rays of any particular 
be Colour be intercepted before they are collected 
ch in the ſaid Spot, it then appears not only of a 
re different Colour from what it did before, but 
be different from any of the priſmatic Colours 
nat taken ſeparately, 
oc 
ole the ſame Proportion with reſpe& to each other 
net in which they are exhibited in the Image made 
ich by the Priſm, and the Wheel be turned ſwiftly 
s about, the Circumference of that Wheel ſhall 
22d appear white: If they are taken in other 
re- Proportions, the Colour of the Wheel when 
ſe- turned about will vary accordingly. From 
103 whence this Part of the Propoſition is alſo 
nen abundantly clear. 
\nd No Compoſition of theſe Colours will pro- 


duce Black : That being no Colour, but the 
Defect, or Abſence of all Colour whatever. 

That Species of Light, which is diſpoſed to 
ſuffer a greater Degree of Reftaction, requires 


YOoL., I, D pro- 
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proportionally leſs Obliquity at the ſecond Sur- 
face of any Medium to occaſion a total Re. 
flection of it there; ſo that it is poſſible that 
a Ray of Light may paſs through a Medium Wl 
with ſuch Obliquity, that only that Part of 
it which is diſpoſed to exhibit a violet Co- 
lour ſhall be reflected at the ſecond Surface, 
and all the reſt tranſmitted there. This in- 
deed is a neceſſary Conſequence of what was 
oblerved concerning the Reflection of Light at 
the ſecond Surface of any Medium, (Chap. 8.) 
viz. that the Reflection of a Ray is total, 
when the Obliquity of the incident Ray is 
ſuch, that the Angle of Refraction ought to 
be equal to, or to exceed a right one. I fay WW 
this is a Conſequence of that, becauſe the 
Angle of Refraction of the violet coloured 
Light is larger than the Angle of Refraction 
of any other, though their Angles of Inci- 
dence be equal. And accordingly thus it 
happens, as appears by the following Experi- 
ment. 

Let AB (Fig. 70.) repreſent the Window- 
utter of a darkened Room; C an Hole to let 
in a Ray of the Sun; DEF, GHI, two Priſms 
{o applied together that the Sides EF and 
Gl be contiguous, and the Sides DF and GH 
parallel: In this Situation Light will paſs 
through them without any Separation into 
Colours; for the oppolite Sides being parallel, 
if the Rays are refracted one Way where they 
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go in, they will be as much refracted the 
contrary Way where they go out (See Pag. 51.) 


4 f Nut if it be afterwards received by a third Priſm 


KLM, it will be divided ſo as to form upon any 
white Body NOYU the uſual Colours, Violet 
at J, Indigo at m, Blue at n, and Red at r. 


| Now let it be ſuppoſed that the Surfaces EF 
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and GI are not quite cloſe together, but that 
the Rays, in paſſing from one to the other, 
paſs through a Medium (viz. the Air) of diffe- 
rent Denfity from that of the Priſms : And 
that the Ray ZC is not ſo much inclined 
to the ſecond Surface of the firſt Priſm as 
to cauſe a total Reflection of any one Spe- 
cies there; then will Part only of each Species 
be reflected and Part tranſmitted, agreeably to 
what was obſerved { Chapter 8.) concerning 
the Manner of Reflection. Let now the re- 
fleted Rays be received by a fourth Priſm 
TXV ; theſe, after paſſing through it, will 
paint upon a white Surface RS the Colours 
of the Priſm, vis. Red at s, Orange at t, 
Yellow at v, and Violet at 2. Let now the 
Priſms DEF, GHI, be ſlowly turned about, 
keeping ſtill the fame Situation with reſpect 
to each other, until the Obliquity of the Rays 
ZC to the Surface EF be fo far increaſed, 
that there ſhall begin to be a total Reflection 
of them there. In which Caſe it is obſ-rvable, 


that firſt of all the violet Light will be 
totally reflected, and will therefore diſappear 
D 2 at 


52 Of the different Refrangibility, &c. 


at /, appearing inſtead thereof at 2, ind in- 
creaſing the Violet Light which fell there before, 
And when the Rays ZC become more ob- 


lique by the Priſms being turned farther about, 


the Indigo ſhall be totally reflected, diſap- 
pearing at , but falling upon y, and making 
the Violet there more intenſe. And by turn- 
ing the Priſms ſtill farther about, all the re- 
maining Colours will be ſucceſſively removed 


from the Surface PQ to RS. 
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1 | Of the Qualifications in Bodies, which 


diſpoſe them to reflect the Rays of 
different Colours. 


JE are now to enquire what it 1s that 
W gives Bodies this Power of reflecting, 
ſome one ſort of Rays moſt copiouſly, and ſome 
another. And this is probably no other than 
the different Magnitude of the Particles where- 


of they are compoſed ; as will appear from 
the following Obſervations. | 


If Water be prepared with Soap fo as to 
render it ſufficiently tenacious, and then blown 
up into a Bubble; it is obſervable, that as the 
Bubble grows thinner and thinner (as it will do 
by reaſon of the Water's continually running 
down from the Top of it, till it breaks) diffe- 
rent Colours will ariſe one after another at 
the Top of the Bubble, ſpreading themſelves 
into Rings, and deſcending till they vaniſh 
at the Bottom in the ſame Order they aroſe 
at the Top. Thus, in an Experiment of this 
Kind, tried by Sir Iſaac Newton, the Colours 
arole in this Order; firſt Red, then Blue; 
to which ſucceeded Red 2 ſecond Time, and 

1 B. ue 
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Blue immediately followed ; after that Red 
a third Time, ſucceeded* by Blue; to which 
followed a fourth Red, but fucceeded by Green ; 
after this a more numerous Order of Colours, 
firſt Red, then Yellow, next Green and after 
that Blue, and at laſt Purple; then again, 
Red, Yellow, Green, Blue, Violet followed each 
other ; and the laſt Order of Colours that aroſe 
was Red, Yellow, White, Blue ; to which ſuc- 
ceeded a dark Spot that afforded ſcarce any 
Light, though it was obſerved to cauſe ſome 
very obſcure Reflection, for the Image of the 
Sun or a Candle might be faintly diſcerned in 
it; and this laſt Spot ſpread itſelf more and 
more, till the Bubble broke. 

Now 'tis apparent that the only Reaſon, why 
thoſe different Colours ſucceeded each other at 


the Top of the Bubble in the abovementioned |: 


Manner, was becauſe its Thickneſs in that Part 
continually varied, till it broke. It remained 
therefore to examine what was the Thickneſs 
of the Bubble at the Top, at the Time it 
exhibited each particular Colour. And this was 
effected by the following Contrivance, vis. 
by taking the Object. Glaſs of a long Teleſcope, 
"A having he a very ſmall Degree of Con- 
vexity, and placing it upon a flat Glaſs : Theſe 
Glaſſes by Reaſonof the Convexity of the former 


would touch but in one Point, and the Diſtance wr 
between them, where they did not touch, would 
be exceedingly ſmall, but larger the farther RX 
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ve conſider it from the Point of Contact. Now 


Water being put between theſe Glaſſes, the ſame 
Colour: appeared as in the Bubble, in the Form 
of Circles or Rings ſurrounding the Point ap- 


peared black, like the Top of the Bubble when 


it was thinneſt. Next to this Spot lay a 
blue Circle, and next without that a white 
one, and ſo on in the ſame, but contrary Order 
to that ia which the Colours arole on the Top 


of the Bubble. 

Now the Diſtance between the Glaſſes, that 
is, the Thickneſs of the Body of Water between 
them, where it exhibited any one Colour of 
a particular Order, was equal to the Thickneſs 
of the Bubble at the Time the ſame Colour ap- 
peared upon it. For though the Medium the 
Light muſt paſs through to come at the Water 
is in one cale, Glaſs, and in the other, Air; 
that makes no Difference in the Species of the 
Colour reflected from the Water: For Pieces of 
Muſcovy Glals, made thin enough to appear 
coloured, would have their Colours faded, but 
not the Speczes of them altered by being made 
wet with Water. But it was found that tranſ- 
parent Bodies of different Denſity would not, 
under the ſame Thickneſſes, exhibit the ſime 
Colours: For if the forementioned Glaſſes were 
laid upon each other wichout any Water be- 
tween them, the Air between them would 
then afford the ſame Colours as the Water, 


1 but 
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but more expanded, ſo that each Ring had a 
larger Diameter, though they bore all the ſame 
Proportion to each other; ſo that the Thickneſs 
of the Air proper to reflect each Colour was 
in the fame Proportion larger, than the Thick- 
nels of the Water adapted to reflect the 
ſame. 

Farther, all the Light which is not re- 
flected by the thin Subitances, whether of Air 
or Water contained between the Glailes, 1s 
tranſmitted through them ; for when viewed 
from the other Side, they exhibit alſo coloured 
Rings as before, but in a contrary Order; for 
the middle Spot, which in the other View 
appears black for Want of reflected Light, now 
looks perfectly white; next without this Spot 
the Light appears tinged with a yellowiſh Red; 
where the I hite appeared before, it now ſeems 
Black; and ſo of the reſt. 

It is farther oblervable, that the foremen- 
tioned thin Plates, whether of Air or Water, 
do not appear of the ſame Colour when 
viewed obliquely, as when ſeen direct: For if 
the Rings and Colours between a convex and 
plain Glaſs be viewed firſt in a direct Manner, 
and then under different Degrees of Obliquity, 
the Rings will be obſerved to dilate themſelves 
as the Obliquity is increaſed. But a Plate of 
Air between the Glaſles alters its Colour much 
ſooner than the Water in the Bubble which 
3s ſurrounded with Air. For in the Water 
| when 
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Z when viewed obliquely the ſame Colour might 


be ſeen at more than twelve Times the Thick- 
neſs it appeared at under a direct View; but when 
the Ait was viewed under ſuch an Obliquity that 


= the Tl:ickne{sof the Plate, whereit was obſerved, 


was but half as much again as whenit was view- 


e directiy, a different Colour appeared. 


Laſtiy, the ſame Colour reflected from a 
denier Subſtance reduced to a thin Plate, and 
ſurrounded by a rarer, will be more briſk, 


X than the ſame Colour, when reflected from a 


thin Plate formed of the rater Subſtance and 


&F ſurrounded by the denſer, as was found by 


blowing Glats very thin, which exhibited in 
the open Air more vivid Colours, than the Air 
does between two Glafles. 

As to the Thickneſs of the Plate of Air by 
which the ſeveral Colours were reflected, it 
was found by carefully meaſuring the Diſtances 
of the Rings from the Point where the Glaſſes 
touched, that the Diſtance between the Glaſſes 
where the firſt Order of Colours was reflected, 


XZ wes from ses to e Part of an Inch; 


that where the ſecond, was from — to 


178000 


gg; that where the third, from = to 


1738000 
6 


£5» and ſo on in a Series of the odd Num- 
bers: And that the Diſtance of the Glaſſes, 


1 | where the firſt Order of Colours that was tranſ- 
; mitted paſted through, was from o to 


I 
178000 


Part 
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Part of an Inch; that where the ſecond, waz 
from 5-#555 to 53555 3 that where the third, 
from #75 to ggg, and fo on in a Series 
of the even Numbers. And the Thickneſs of 
a Plate of Water, where it reflected or tranſ. 
mitted the ſame Colours, was + of the Thick. 
neſs of the Plate of Air. © 
Now we learn from Experiments made 
with the Microſcope, that the leaſt Parts of 
almoſt all Bodies are tranſparent ; or the ſame 
may be experienced in the following Man- 
mer: Take a very thin Plate of the opakeſt 
Body, and the Room being darkened apply it 
to a ſmall Hole in the Window- ſhutter, and 
it will ſufficiently diſcover its Tranſparency, = 
This Experiment cannot be ſo well performed 
with a white Body, becaule of the ſtrong re- 
flective Power in ſuch ; but even thoſe, when 
diſſolved in Agua Fortis or other proper Men- 
ſtruum, do alto become tranſparent, Where- 
fore if we ſhould ſuppoſe any Body reduced 
to a Thinneſs proper to produce any particular 
Colour and then broken into Fragments, in 
all Probability each Fragment would exhibit 
that Colour, and an Heap of ſuch Fragments 
would conſtitute a Body of that Colour: S» 


— -— 1 8 * . 1 
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that the Cauſe, why ſome Bodies reflect 
one Sort of Rays moſt copiouſly, and fone 
another, is probably no other than the dil- 
ferent Magnitude of their conſtituent Pati- 

cles. 
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cles (Y). This will be farther confirmed by Par- 
culars. The Colours in the ſame Part of a 

Peacock's Tail vary as the Tail changes its 

Poſture, with reſpe& to the Eye; juſt ſo the 
thin Plates of Air or Water appear of a dif- 
RE ferent Colour in the ſame Plate when viewed 
Þ directly, from what they do when teen ob- 
= liquely, as was obſerved above. The Colours of 
EE Silks, Cloths, and other Subſtances, which Wa- 
ter or Oil can intimately penetrate, become faint 
and dull by being wet with {uch Fluids, and 
recover their Brightnefs when dry; juſt as we 
obſerved, that Plates of Mu/couy Glaſs grew 
faint and dim by wetting: All which Parti- 
culars, and many more that might be pro- 


duced, give abundant Proof of the preſent 
Point (2). 


(This Sir Iſaac Newton thinks a probable Ground for mak- 
ing Conjecture concerning the Magnitude of the conititaent Par- 
ticles of Bodies. "The Green of Veg-tables he takes to be of the 
third Order, as likewife the Blue of Syrup of Vio.eis The 
azure Colour of the Sky, he thinks is-of the firſt Order, as 
alſo the moſt intenſe and luminous White; but if it is leſs ſtrong. 
be then conjectures it to be a Mixture of the Colours of all Or- 
it ers. Ot the latter Sort he takes the Colour of Linen, Paper, 

and ſuch like Subſtances to be ; but whites Metals to be of the 
former Sort. For producing Black, the Pa: ticles muſt be ſmaller 
han for exhibiting any of the Colours, viz. of x Se anſwering 
to the Thickneis of che Bubble where it reflected little or no Light, 
and for that Reatoa appeared coloutleſs. 


(i) See Sir Jaac Newton's Optics, pain. 
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Of the Cauſe of Opacity and Tranſpa- ; þ 
rency in Bodies. 3 


V E obſerved above in Chapter 8. that 


when two Mediums or tranſparent Sub- 


ſtances of equal Denſity are contiguous, or a 
near to each other as the Glaſſes were, where 


the Light was wholly tranſmitted, in the Ex- 5 ; 


periment made with the Object-Glaſs men- 
tioned in the foregoing Chapter, a Ray of 
Light will paſs from one to the other with- WF. 
out ſuffering either Reflection or Refraction; Ml 


but if they differ in Denſity, the Light will M 
undergo both; Part of it being reflected and 


Part refracted. Juſt ſo it is with a Ray of 


Light in paſſing through the different Par- 


ticles of the ſame Body. For Inſtance, if 


when the Ray has paſſed through any one 


Particle of a Body, it finds another conti- 
guous to it, it will enter that Particle with- 
out Interruption; but if at its Emerſion out 
of that Particle, it enters a Pore ſufficiently 
large, Part of it will be tranſmitted and Part BW 
reflected. Thus will the Light every Time it 


enters a Pore, unleſs it be an exceeding ſmz!l Bll 
one, be in part reflected: So that nothing 


more ſeems neceſſary to render a Body opake, i St 


than that the Particles, of which it is com- 


poled, 75 
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2 poſed, touch but in few Points, and that the 
bpores of it be very numerous and large; 
oo that the Light, which enters it, may by 
numerous Refractions and Reflections be ſtifled 
and loſt within it. On the contrary, if the 
Particles of a Body touch each other in man 
Points, and its Pores be few and ſmall, or filled 
= with a Subſtance of nearly an equal Denfity 
8 with the Particles of the Body, that Body 
will be tranſparent. | | 
nin Confirmation of this, we may obſerve, 
chat opake Bodies become tranſparent by filling 
their Pores with a Subſtance nearly of the 
EF fame Denſity with that of their ſolid Parts: 
As when Paper is made wet with Water or 
Oil; when Linen Cloth is dipped in Water, 
WT oiled, or varniſhed, or the Oculus Mundi Stone 
ſteeped in Water. Beſides, as filling the Pores 
of an opake Body renders it tranſparent, fo 
on the other Hand evacuating the Pores of a 
Body that is tranſparent, or ſeparating the 
Parts of it from one another, makes it opake; 
Jas Salt or wet Paper by being dried, and Glaſs 
by being powdered, loſe their Tranſparency, 
or Water beat up into Froth. N 
Beſides which Inſtances, abundance more 
might be brought in Confirmation of what 
it is here laid down; but theſe are ſufficient. 
But becauſe it may be Matter of Surprize, 
o FF that Bodies ſhould be ſufficiently porous to 
„ tranſmit Light in that plenty we obſerve they 
- „ do, 
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do, and yet be hard or ſolid; I ſhall con. 


clude the Subject of this Chapter and of the J 


Doctrine of Light and Colours, with ſhewing 


the Conſiſtency of ſuch a Suppoſition. In 
order to which, let us imagine a Body whoſe 
conſtituent Particles are of a ſuch a Form 
that, when laid together, the Vacancies be- 
tween them may be equal in Bigneſs to the 
Particles; how this may be done, and yet 
the Body be hard, is ealy to comprehend. ſl 
Now the ſolid Parts of a Body thus formed 
will be but half its Bulk; and if we ſuppoſe 
each conſtituent Particle of this Body to be 
formed of leſs Particles with Vacuities between 
them, equal to each Particle as before, the 


folid Parts of this Body will then be but a 1 


fourth Part of its Bulk; and if each of thei i 


leſſer Particles again be formed in the ſame 
Manner, the ſolid Parts of the Body ſhall b: 
but one Eighth of its Bulk: And thus if the 
Compoſition be continued according to the 
ſame Rule, the ſolid Parts of the Body may 


be made to bear as ſmall a Proportion to 
its whole Magnitude as ſhall be deſired, not- 


withſtanding which, the Body, by means of 


the Contiguity of the Parts, ſhall be capable 


of being hard in any Degree. Thus, Matter BR 
being infinitely diviſible, any the leaſt Poru- 


on of it may be ſuppoſed to be wrought into a 


Body of any deſigned Dimenſions how great 
ſoever, and yet the Pores of that Body none of 
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4 them greater than the ſmalleſt Magnitude 
RE propoſed at Pleaſure ; and yet the Parts of the 


1 Body ſhall ſo touch, that the Body itſelf ſhall 
be hard or ſolid, Which ſhews that the whole 
8 Globe of the Earth, nay, all the known Bodies 


of the Univerſe, for any thing that appears to 


us to the contrary, may be compoſed of no 


greater Quantity of Matter than what might 


de reduced into any determinate Space how 
W ſmall ſoever. 
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DISSERTATION II. 


Of the Cauſe of Reflection of _ 


E = HE Op inions of Philoſophers relating 10 | 


the Cauſe of this difficult 8 
are principally four, which I ſhall here lay 
down and examine particularly ; after which Þ 


I ſhall give my own Thoughts, concerning it. 
And, 


1. It was the Opinion of Philoſophers " 3 
fore Sir 1/aac Newton diſcovered the contrary, i 
that Light is reflected by impinging upon the 


ſolid Parts of Bodies; but that it is not ſo, 3 f 


is clear from the following Reaſons. 


And firſt, it is not reflected at the firſt Sur. I ; 


face of a Body by impinging againſt it. 


For it is evident, that in order to the du: 
and regular Reflection of Light, that is, tha $ 


the reflected Rays ſhould not be diſperſed RF 


and ſcattered one from another, there an 
to be no Raſures or Unevenneſs in the reflecting 8 
Surface large enough to bear a ſenſible pro- ö 
portion to the Magnitude of a Ray of Light; 


becauſe if the Surface abounds with ſuch, the 
reflected Rays will rather be ſcattered like 2 
Parcel of Pebbles thrown upon a rough Pave- 
ment, than reflected with that Regulariy | 
with which Light is obſerved to be from 1 

well 


1 
4 „ 
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well poliſned Surface. Now thoſe Surfaces 
which to our Senſes appear perfectly ſmooth 
and well poliſhed, are far from being ſo; for 
to poliſh is no other than to grind off the 
larger Eminences and Protuberances of the Me- 
tal with the rough and ſharp Particles of 
Sand, Emery, or Putty, which mult of Ne- 
ceſſity leave behind them an Infinity of Ra- 
ſures and Scratches, which though inconſide- 
rable with regard to the former Roughneſles, 
and too minute to be diſcerned by us, mutt 
nevertheleſs bear a large Proportion to, if not 
vaſtly exceed the Magnitude of the Particles of 
Light. 

Secondly, It is not reflected at the ſecond 
Surface, by impinging againſt any ſolid Particles. 

That it is not reflected by impinging upon 
the ſolid Particles which conſtitute this ſecond 
Surface, is ſufficiently clear from the foregoing 
Argument; the ſecond Surfaces of Bodies being 
as uncapable of a perfect Poliſh as the firſt; and” 
it is farther confirmed from hence, vis. that 
the Quantity of Light reflected differs according 
to the different Denſity of the Medium behind 
the Body: And that it is not reflected by im- 
pinging upon the Particles which conſtitute 
the Surface of the Medium behind it, is evi- 
dent, becauſe the ſtrongeſt Reflection of all 
at the ſecond Surface of a Body, is when 
there is a Vacuum behind it. This there- 
fore wants no farther Proof. (See the Man- 

. E ner 
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ner in which Light is reflected in Chapter 
the 8th.) 

II. It has been thought by ſome (4), that 
it is reflected at the firſt Surface of a Body, 
by a repulſive Force equally diffuſed over 
it, and at the ſecond, by an attractive Force. 

1. If there be a repulſive Force diffuſed over 
the Surface of Bodies, that repels Rays of Light 
at all Times, then, ſince by increafing the Obli- 
quity of a Ray we diminiſh its perpendicu- 
ler Force (which is that only, whereby it 
muſt make its Way through this repulſive 
Force) however weakly that Force may be 
ſuppoſed to act, Rays of Light may be made 
to tall with ſo great a Degree of Obliquity 
on the reflecting Surface, that there ſhall be 
a total Reflection of them there (1), and not 
one Particle of Light be able to make its Way 
through, which is contrary to Obſervation ; 
the Keflection of Light at the firſt Surface of 
a tratiiparent Body being never total in any 

Obliquity 

( See I7u/chenbroek, Element. Phy fic. Cap. 35. 

% Dem. Let AB (Fig. 71.) repreſent the reflecting Surface. 
ABCD the repellent Power diffuſed over it, EF a. Ray of 
Light incident upon it at the Point F, and let the Line EF 
by 1is Length expreſs the Force with which the Ray moves: 
This Force is reiolvable into the Forces EG and EH, or, 
which is the ſame thing, HF and GF, which latter is the. 
ſole Force by which the Ray endeavours to pierce through the 
repultize Power, But this Force may be diminiſhed zz in- 
Jinitum by augmenting the Obliquity of the Ray EF, and 
therefore it may be made leſs than that of the repelling Power, 


in which Cale the Ray will neceſſarily be reflcted:. And fince 
'the 
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Obliquity whatever. The Hypothe/is (5) therefore 


in this Particular muſt be falſe. 

2. As to the Reflection at the ſecond Sur- 
face by the attractive Force of the Body, 
this may be conſidered in two Reſpects; firſt, 
when the Reflection is zota/ ; ſecondly, when 
it is partial. 

And firſt, in Caſes where the Reflection 
is total the Cauſe of it is undoubtedly that 
fame attractive Force by which Light would 
be refracted in paſſing out of the ſame Body. 
This is manifeſt from that Analogy which 1s 
obſervable between the Reflection of Light at 
this ſecond Surface, and its Refraction there. 
For otherwiſe, what can be the Reaſon that 
the total Reflection ſhould begin juſt when 
the Obliquity of the incident Ray, at is Ar- 


the ſame is demonſtrable of any Ray, (let it move with a greater 
or leſs Force than the Ray EF) the Obliquity of the Rays may 
de ſo great, that there ſhall be a total Reflection of them. 
QE. D. 

(m) And yet from an Experiment made by Sir Jae Near tor, 
(See his Optics, Book III.) it appears that there is a repulſive 
Force between Light and ſome Bodies. "the Experiment is as 
follows. If over an Hole in a Window. ſhutter be fixed a thin 


Piece of Lead, or the like, in which there is an Hole about 


the fortieth Part of an Inch in Diameter; ard if when the 
Sun ſhines through that Hole, an Hair be held in its Ray ac 
ſome Diſtance from the Hole; the Progreſs of the Rays after 
they have paſſed by the Hair will be as expreſſed in the 
72d Figure, where A is a Scction of an Hair, BC an Hole 
In a Window. ſhutter; BL, UF, DE, Oc. Rays paſſing through 
It, in the Middle of which is placed the Hair A; and ler 
RP be a Paper held at ſome Diſtance behind the Hair, Things 
being thus diſpoſed, the Ray BL ſhall fall upon O. UF upon 
Q. DE upon R, CH upon P, Oe. as tepreſcnted in the Figure. 
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rival at the ſecond Surface, is ſuch, that the 
retracted Angle ought to be a right one; or 
when the Ray, were it not to return in Re- 
flection, ought to paſs on parallel to the Sur- 
face, without going from it? For in this 
Caſe it is evident, that it ought to be returned 
by this very Power, and in ſuch Manner that 
54 Angle of Reflection ſhall be equal to the 
Angle of Incidence: Juſt as a Stone thrown 
obliquely from the Earth, after it is ſo far 
turned out of its Courſe by the Attraction 
of the Earth, as to begin to move horizon- 
tally, or parallel to the Surface of the Earth, 
1s then by the ſame Power made to return in 


a Curve ſimilar to that which it deſcribed. 


in its Departure from the Earth, and ſo falls 
with the ſame Degree of Obliquity that it was 
thrown with. | 

But ſecondly, as to the Reflection at the 
ſecond Sut face, when it is partial; an at- 
tractive Force uuiſormly ſpread over it, as 
the Maintainers of this Hypotheſis conceive 
it to be, can never be the Cauſe thereof. 
Becauſe, it is inconceivable that the ſame 
Force, acting in the ſame Circumſtances in 
every Reſpect, can ſometimes reflect the Violet 
coloured Rays and tranſmit the Red, and at 
other times reflect the Red and tranſmit the 
Violet. 

This Argument concludes equally againſt 


a repulſive Force ari/ormly diffuſed over the 
firſt 
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firſt Surface of a Body, and reflecting Light 
there; becauſe ſome Bodies reflect the Violet 
and tranſmit the Red, others reflect the Ned 
and tranſmit the Violet at their firſt Surface; 
which cannot poſſibly be upon this Suppoſition, 


; the Rays of whichever of theſe. Colours we 


ſuppoſe to be the ſtrongeſt. c 
III. Some, being apprehenſive of the Infuf- 


1 ficiency of a repulſive and attractive Force 


diffuſed over the Surfaces of Bodies and acting 
uniformly, have ſuppoſed that by the Action 
of Light upon the Surfaces of Bodies the 
Matter of theſe Forces is put into an undu- 
latory Motion, and that where the Surface of 
it is ſubſiding, Light is tranſmitted, and in 
thoſe Places where it is rifing, Light is re— 
flected (n). But this ſeems not to advance 


vs one Jot farther; for in thoſe Caſes, ſup- 


poſe where Red is reflected and Violet tranſ- 
mitted, how comes it to paſs that the Red 
impinges only on thoſe Parts when the 
Waves are rifing, and the Viciet when they 
are ſubſiding ? 

IV. The next EHypotbeſis, that J ſhall take 
notice of, is that remarkable one of Sir Iſade 
Newton's Fits of eaſy Rejiefiion and Tran - 
miſſion, which 1 ſhall now explain and cx- 
amine. 

That Author, as far as I can apprehend his 
Meaning in this Particular, is of Opinion, that 


(a) See Miſcben rot Element, Phyſic. Cap. 35. 
E 3 iht, 
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Light, in its Paſſage from the luminous Body, 
is difpoſed to be alternately reflected by and 
tranſmitted through any refracting Surface it 
may meet with; that theſe Diſpoſitions (which 
he calls Fits of eaſy Reflection and eaſy 
Tranſmiſjion) return ſucceſſively at equal Inter- 
vals: And that they are communicated to it 
at its firſt Emiſſion out of the luminous Body 
it proceeds from, probably by ſome very 
ſubtle and elaſtic Subſtance diffuſed through 
the Univerſe, and that in the following 
Manner. As Bodies falling into Water, 
or paſſing through the Air cauſe Undulations 
in each, ſo the Rays of Light may excite 
Vibrations in this elaſtic Subſtance. The 
Quickneſs of which Vibrations depending on 
the Elaſticity of the Medium (as the Quick- 
neſs of the Vibrations in the Air, which pro- 
pagate Sound, depend ſolely on the Elaſticity 
of the Air, and not upon the Quickneſs of 
thoſe in the ſounding Body) the Motion of 
the Particles of it may be quicker than that 
of the Rays; and therefore when a Ray at the 
Inſtant it impipges upon any Surface, is in 
that Part of a Vibration of this elaſtic Sub- 
ſtance which conſpires with its Motion, it may 
be calily tranſmitted, and when it is in that 
Part of a Vibration which is contrary to 1ts 
Motion, it may be reflected. He farther ſup- 
poles, that when Light falls upon the firit 
Surface of a Body, none is reilected there, 

| but 
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but all that happens to it there is, that every 
Ray that is not in a Fit of ealy Tranimiition 
js there put into one, ſo that when they come 
at the other Side (for this elaſtic Subſtance 
eaſily pervading the Pores of Bodies, is 
capable of the ſame Vibrations within the 
Body as without it) the Rays of one Colour 
ſhall be in a Fit of eaſy Tranſmiſſion, and 

thoſe of another in a Fit of eaſy Reflection, 
according to the Thickneſs of the Body, the 
Intervals of the Fits being different in Rays 
of a different Kind. This very well accounts 
for the different Colours of the Bubble and 
thin Plate of Air and Water (mentioned in 
Chap. x11.) as is obvious enough; and like- 
wiſe for the Reflection of Light at the ſecond 
Surface of a thicker Body; for the Light re- 
flected from thence is alſo obſerved to be 
coloured, and to form Rings according to the 
difterent Thickneſs of the Body, when not 


intermixed and confounded with other Light, 


as will appear from the following Experiment. 
If a Piece of Glaſs be ground concave on 
one Side. and convex on the other, both its 
Concavity and Convexity having one com- 
mon Center, and if a Ray of Light be made 
to pais through a ſmall Hole in a Piece of 
Paper held in that common Center, and be 
permitted to fall on the Glaſs; beſides thoſe 
Rays which are regularly reflected back to 
the Hole again, there will be others reflected 

E 4 to 
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to the Paper, and form coloured Rings fur- 
rounding in the Hole, not unlike thoſe occa- 
ſioned by the Reflection of Light from thin 
Plates. The ſame will happen if the Rays be 
reflected from a metalline Speculum, but the 
Light will not be coloured; which ſhews that 
the Colours ariſe from that Light which is re- 
fleted from the Back- ſide, and that in the 
following Manner: Beſide that Light which is 
regularly reflected from the farther Surface of 
the Glaſs, there is ſome reflected irregularly, 
which paſting from the back Surface under 
different Obliquities, does as it were pals 
through Glaſſes of different Thickneſſes, and 
therefore is in Part reflected back again when 
it comes to the firſt Surface, and is in part 


tranſmitted through it, the tranſmitted Light, 


when received upon the white Paper, exhibiting 
the Rings of Colours abovementioned (o). 
As to the Light which is ſuppoſed to 
be reflected at the firſt Surface, his Opi— 
nion ſeems to be, that it is not here re- 
flected, as I obſerved above, but that it re- 
ally enters the Surface, and is reflected from 
the Back- ſide of the firſt Serzes of Particles 
that lie therein; ſo that according as theſe 


Particles are larger or ſmaller, the Rays of 


Light which at their Entrance into them 


(% This Experiment ſucceeds better, when the Back- part of 
the Glaſs is Quick- ſilvered over. 0 
(for 
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(for they are tranſparent, whether the Body 


they compoſe be ſo or not, gee Page 154.) 
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are thereby put into Fits of eaſy Tranſmiſſion; 


at their Emerſion at the other Side are ſome 
in a Fit of eaſy Tranſmiſſion, others in a Fit 
of caſy Reflection, according as the Interval of 
their Fits are large or ſmall. So that the 
Particles of a Body may be of ſuch a Size 


that they ſhall reflect the Red and tranſmit 


the Violet; or that they may reflect the Violet 


and tranſmit the Red; or, in general, that 
the ſtrongeſt and moſt forcible Rays may be 
tranſmitted, while the weaker are reflected; 
or the weaker may be tranſmitted, while the 
ſtronger are reflected. 


Thus I have endeavoured to clear up the 
Account Sir Is AAc NewToON has left us of 
his own Sentiments concerning this Matter. 
But after all, I cannot ſay that I think his 
Solution the true one. It is too much clog- 
ged with Suppoſitions; neither is it conſonant 
to that Simplicity, Uniformity, and Regularity, 
with which Nature is every where obſerved 
to act. The Time will come, when the Prin- 
ciples of Attraction and Repulſion will be found 
alone ſufficient to account for this perplexing 
Phenomenon. Would any one that has a 
Genius for a Work of this Kind, and Oppor- 
tunity to make the neceſſary Experiments, 
aſſume thoſe Sir Jaac Newton has left, and 

F add 
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him; he would ſoon be able to give us | 
ealy and fimple a Solution of the Refle@im 


Pbænomenon whatever (þ). 


(%) Perhaps it may be of Service to one that ſhall undertakes * 
this. to acquaint him of a Fact relating to this Matter, which 
every Philoſopher is not appriſed of, vis. That a Piece of Iron, 
when heated, aſſumes all the Colours of the Rainbow before x *® 


becomes red hot. 
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add others, as his Judgment ſhould direq 3 
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Of Microſcopes, &c. 75 


DISSERTATION III. 
Of Microſcopes and Teleſcopes. 


HAT the Teleſcope is of modern In- 


vention is moſt certain; neither does it 


appear that Microſcopes or Optic Glaſſes of 
any Kind were known to the Ancients, 
though there are two Paſſages brought to ſhew 
chat ſuch Glaſſes were of Uſe among them. 
The one is quoted by Pancirollus from Plau- 
tus, Cedo Vitrum, neceſſe et Conſpicillo ut ; 


the other is taken from Pliny, C. Julius Me- 


8 dicus, dum inungit Specillum, &c. The for- 


mer of theſe Quotations is a Fiction, no ſuch 


= Paſſage being to be found in the Writings 
of Plautus (9); and the Word Specillum in 
Pliny is not to be underſtood of an Optic- 
= glaſs of any Kind, but of a Probe or other In- 
ſtrument made uſe of by the Surgeons of that 
Time (7). 


It is contended, that Alexander de Spina, 


2 Native of Piſa, was the firſt that made 
the Uſe of Glaſſes known to the World; 


but our Countryman, Friar Bacon, who died 
one and twenty Years before him (3), was, in 


) Vid. Lettere Memorabili eel Abbate Michele Giuſtiani. 
Parte terza. Let. 16. 


(e) See Melineux's Dioptrics, Part II. Ch. 6. 
„%) In the Year 1292. 


all 
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all Probability, acquainted with them firſt, fo | 
"2 


he wrote a Book of Perſpective, in which, he 
plainly ſhews that he did not only underſtand 
the Nature of convex and concave Glaſles, but 
the Uſe of them when combined in Tele. 


be put together. 


1 


ſcopes (2); though he no where in that Tre. 
tiſe diſcovers the Manner in which they are to 


9 = EE ee? 


The Teleſcope with the concave Eye-glak 


was firſt invented by a Mechanic of Mzddle- 
burg in Zeland, called Z. Jobannides, about 


the Year 1 590, though J. Lipperboy, another | 


Dutchman, is Candidate for the ſame Diſcoye- 
ry (u). From whence, this Sort of Teleſcope |3 


is called Tubus Batavus (x). 


Franciſcus Fontana, a Neapolitan, contends, Þ g 
that he was the firſt Contriver of the Teleſcope l 
compoled of two convex Glaſſes, which is now F? 


the common aſtronomical Teleſcope ( y) ; and 
Rheita pretends to be the firſt * rendered 
that Teleſcope fit for terreſtrial Uſes, by add- 


ing two Eye-glaſſes to it (=). This Kind cf q 


Teleſcope is called dioptrical. 


() See his Per/pedtive, Part III. and his Egiſtola ad Pariſin. 
Jem, Cap. 5. 
(% Vid: Borellus de vero Teleſcopii Inventore. 


*) This is by ſome called Galiilco's Teleſcope, as invented by Þ 
bim; but Galileo acknowledges, that it was upon hearing tha 


the Du tchman had contrived one, that be effected his. 
(y) See his O&/erwationes cœleſlium terreſtriumęue Rerum. 


( Ocul. Ensch & Elie. Lib. IV. Hitt. Acad, Reg. Lib J. 
Sect. 1. Gap. 7 
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The Catadioptrical or reflecting Teleſcope 
vas invented by Sir Jaac Newton; of which 


EX we ſhall give a particular Deſcription when 
uwe have explained the former Sort, and ſhewn 


the Defects of them. 


Microſcopes ate of two Kinds, Simple and 


| | Compound. The firſt Sort conſiſts of one 
X Glaſs; the other of two or more. 


The Simple Microſcope is no other than 


dsa convex Lens, through which, as we have 
, FF ſhewn (Chap. vII. Prop. 3.) Objects appear 


2 magnified. 


An Object ſeen through this Microſcope 
appears magnified nearly in that Proportion 


wich the Diſtance, at which an Object would 
be ſeen diſtinctly with the naked Eye, bears 


E 2 Www 


to the focal Diſtance of the Microſcope. 


* Thus, let AB (Fig. 73.) repreſent the Mi- 
eroſcope, CD an Object placed at the focal 


2 Diſtance of parallel Rays, or ſomething nearer, 


= that the Rays of the ſame Pencil may be 


parallel to each other, or rather diverging in a 


| (mall Degrec, when, they enter the Eye (this 
Ee Circumſtance being requiſite to diſtin& Vi- 
ſion:) And let the Microlcope be fo ſmall, 


3 that all the Rays that paſs through it from 


* * * * OT 1 "<p 
r IG 
. ͤ ²˙ iT nd 07 4 * 


the Object may enter the Pupil of the Eye 
EE at the ſome time, when placed cloſe to it 
as 


* 3x 
be” 
= 
—_ 
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as in the Figure (for, unleſs it be ſo ſmall, it wil 
ſcarce magnify ſufficiently to obtain the Name 


of a Microſcope.) Things being thus diſpoſed, 
the Angle under which this Object appear 
will be GIH, or CID; but this is nearly the 


ſame it would have appeared under, had 
there been no Microſcope interpoſed (a). Not. 


[2 


withſtanding which, the Object is property 
enough faid to appear magnified by this Mi. 


croſcope, becauſe, without that, it could not 
have been ſeen diſtinctly at ſo ſmall a Dil. 


tance from the Eye, but muſt have been fi. 
tuated eight or ten Inches from it; and there- 
fore, ſince Objects appear under a larger Angle 
the nearer they are to the naked Eye, this Ob- 
ject appears larger, or is magnified by means of 


the Microſcope, in Proportion as it is ſeen dil- 


tinctly at a leſs Diſtance with it than without 


it. Objects therefore are magnified hereby 


nearly in that Proportion, which the Diftance + 
of diſtinct Viſion bears to the focal Diſtance of 


the Microſcope (6). 


(a) For had there been no Microſcope interpoſed, the Angle | 


CID would have been in the Middle of the Pupil, (ſee the Note 
in Page 61.) and therefore ſomething leſs, as being farther from 
the Object; but this is an accidental Circumſtance depending 01 
the Thickneſs of the Lens, and its Diſtance from the Center of 
the Pupil, and therefore not conſidered in the Theory. 

( An Object will alſo appear diſtinct, though it be ſituated ata 
very ſmall Diſtance from the Eye, by being viewed through 3 
ſmall Hole in a Piece of Paper, the Reaſon of which was en- 
plained in Note Page 64. But then this Hole muſt be made (0 
very ſmal!, that, unleſs the Object be ſtrongly illuminated, 1 
will appear very obſcurely through it. | Th 

| e 
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The Form of a Compound Microſcope is 
Jexpreſſed in the 74th Figure, where AB re- 
preſents a ſmall convex Lens, whoſe focal 
Diſtance is ſuch, that Rays flowing from the 
point C may be collected in D; and EF is 
Ja larger Lens whoſe Focus of parallel Rays 
coincides with the Point D; and FG repre- 
cents an Eye fo ſituated that Rays proceeding 
from an Object at KL may enter the Pupil 
ef it, after having paſſed through both Glaſſes. 
rhings being diſpoſed in this Manner, the Ob- 
iect KL will appear magnified and alſo diſ- 
incct. 
| For firſt, let RCS repreſent a Pencil of 
Rays flowing from the Point C, theſe will 
meet their Axis again in the Point D by Sup- 
. poſition, and croſſing there will enter the 
Len, EF diverging from its Focus of parallel 
Rays, and will therefore enter the Pupil of 
© the Eye in Directions parallel to each other, 
and concur upon the Refina at Q; the Object 
will therefore appear diſtinct. 

Sccondly, a Pencil of Rays flowing from 
another Point of the Object, as L, will meet 
n their Axis in M, and diverging from thence 
on will, after being refracted by the Lens EF, 
become parallel with reſpect to each other; 
but with reſpect to the former they will 
converge, becauſe with regard to them, they 
dicerged before they paſſed through the Lens 
E from I, a Point more diſtant than its 
4 Focus 
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Focus of parallel Rays. They will conſequenty i 3 
crois them at ſome Diſtance from it, ſuppol. K 
at H, where the Pupil of an Eye being placed ? f 
to receive them, the Point L will be repre. 
ſented at O. And for the like Reaſon, he 
Point K being repreſented at P, the Object 
will be ſeen under the Angle PHO or EHF, 
which, as will be demonſtrated in Note on 1 ; 
is much larger than that under which it would Rx 
have appeared to the naked Eye (c). } 3 
That Glaſs AB, which is ſituated next the 43 
Object, 1s called the Object-glaſs ; that which 
is placed next the Eye, he Eye-glaſs (d). 
This Proportion of magnifying, in a Micro- i 
ſcope of this Kind, is nearly in a Rat 
compounded of the Proportion which the Wl 
Diſtance of the Image from the Objed- 
glaſs bears to its Diſtance from the Eye-glals; 
and of th at which the Diſtance of the Ob. 


* 


(c) It may be remarked here, that when we view an Ovjet v7 
through an Inſtroment of this Kind, we are then in Reality | 
Jooking at the Image of that Object through a ſingle Micro- 
ſcope. Thus, it is MN the Image of the Object KL, form:d Þ 
by tae Concurrence of the Rays of each Pencil in their reſpettive | 1 | 
Feci, which we fee through the Lens or lingle Microſcope EF; BY: 
ſo that the Addition of the Glaſs AB is only that we may have 
an Image oi the Object to look at, larger than the Object ili. 


(4) In ſome Microſcopes there is a third Glaſs placed been | ; 
the Object. glaſs ard the Image, and is called a Middle g 
This is placed there only to bring the Rays to a, Focus the ice! 


in order that tte Image may fall nearer the Object-glaſs than“ 
otherwiſe would do. 
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ject from the Eye bears to its Diſtance fro 


the Object-glaſs (e). | 
: After 


(e) Lemma. Let EF (in Fig. 75.) be a Lens, whoſe Focus of pa- 
rallel Rays is D; and let Rays flowing from the Foint I be col- 
lected in H; I ſay, that if X be the Middle of the Lens, IX will 
be to XH, as ID to DX. 


Demonſtration of the Lemma. On D the Focus of parallel Rays 
ere the Perpendicular DM ; and let IE be an Incident, and EH 
a refracted Ray: Then whereas Rays flowing from D, and paſ- 
ſing through the Lens, would after Refraction be parallel to each 
other and to DX, a Line drawn from thence through the Middle 
of the Lens; Rays flowing from M and paſſing through the Lens, 
will alſo be refracted into Lines parallel to themſelves, and con- 
ſequently to MX that which paſſes through the Middle of the 
Lens: Conſequently EH is parallel to MX ; the Triangles there- 
fore IMX and IEH are fimilar ; and therefore IM is to ME as 
IX to XH: But IM is to ME alſo as ID to DX, the Triangles 
IMD and IEX being alſo ſimilar ; IX is therefore to XH as ID 
to DX. Q. E. D. 


Demonſiration of the Propofition. To avoid the Confuſion which 
might ariſe from the Multiplicity of Lines in the 74th Figure, ler 
only CXH and LEH, wiz. the Axes of the Rays which proceed 
from the Points C and L, be repreſented as in Fig. 75. and 
draw the Line LH, then will CHL be the Angle under which 
half the Object would be ſeen by the naked Eye at H; but 
EHX is the Angle under which the ſame Half appears when 
viewed through the Microſcope, Now this Angle is to the 
former in a Ratio compounded of the Angle EHX to EIX, and 
of the ſame EIX, or (which is equal to it becauſe vertical) CIL 
to CHL; becauſe the Ratio that any two Quantities bear to each 
other, is compounded of the Ratio which the firſt bears to any other, 
and of the Ratio which that other bears to the Second, Bot the 
firlt of theſe Ratio's, wiz. ERX to EIX, is as IX to XH, or 
which, as demonſtrated in the Lemma, is the ſame thing, as 
ID to DX; that is, as the Diſtance of the Image from the 
ObjeR-glaſs to its Diſtance from the Eye-glaſs; And the other 
Ratio, wiz, CIL to CHL, is as CH to Cl. that is, as the 
Diſtance of the Object from the Eye to its Diſtance from the 
ObjeQt-glaſs. Therefore, Sc. Q. E. D. 


. bn | But 
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After what has been ſaid concerning the 
Structure of the Compound Microſcope, and 
the Manner in which the Rays paſs through i 
it to the Eye, the Nature of the common af. 
{ronomical Teleſcope will eaſily be under. 
ſtood, for it differs from the Microſcope only 
in that the Object is placed at ſo great a Dil. 
tance from it, that the Rays of the ſame 
Pencil, flowing from thence, may be conſidered 
as falling parallel to one another upon the 
Obj-R-glais; and therefore the Image made 
by that Glaſs is looked upon as coincident with 
its Focus of parallel Rays. 

The 76th Figure will render this very plain, 
in which ABC is the Object emitting the 
ſeveral Pencils of Rays ADF, BDF, Sc. but 
ſuppoſed to be at ſo great Diſtance from 
the Object-glaſs DF, that the Rays of the 
ſame Pencil may be conſidered as parallel ty 
each other, they are therefore ſuppoſed to be 
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Bot it is proper to compare the Angle EHX with that un. 
der which the Object would appear to the naked Eye at a Dil. 
tance proper for diſtinct Viſion; becauſe when a Perſon views 
an Object by the Help of a Microſcope, he is often obliged to 
place his Eye at a Diſlance from the Object, very different 
trom that at which he wouid chooſe to place it, were he to look 
at it with the naked Eye; and then, inſtead of the Diſtance of 
the Object from the Eye in the foregoing Propofition, we mul 
ſubſtitute the D:fance of diſtin Viſion ; in which Caſe it will 
ſtand thus: The Proportion of magnifying is nearly in a Rani 
compeunded af the Proportion which the Diſtance of the Iu age 
from the Object glaſs bears to its Diſtanze from the Eye-glals, 
and of that which the Diſlance of diſtin Viſion bears to the 
Diſtance of the Object from the Object-glaſs, 


collected 


= — # ” A” 8 ** « *. $a WV 4 ** -S 3 . 
I ß ESE OE EIS! 


a» 


Diſſert. III. and Teleſcopes. 83 


collected into their reſpective Foc; at the 
Points G, H, I, fituated at the focal Diſtance 
of the Object- glaſs DF. Here they form an 
Image, and crofling each other proceed di- 
verging to the Eye glaſs KM; which being 
placed at its own focal Diſtance from the 
Points G, H, I, the Rays of each Pencil, after 
paſſing through that Glaſs, will become paral- 
lel among themſelves, but the Pencils themſelves 
will converge conſiderably with reſpect to one 


another, even ſo as to croſs at P, very little 


farther from the Glaſs KM than its Focus; 
becauſe, when they entered the Glaſs, their 
Axes were almoſt parallel, as coming through 
the Object-glaſs at the Point E, to whoſe 
Diſtance the Breadth of the Eye-glaſs KM 
in a long Teleſcope bears very ſmall Pro- 
portion. So that the Place of the Eye will 
be nearly at the focal Diſtance of the Eye- 
glaſs, and the Rays of each reſpeCtive Pencil 
being parallel among themſelves, and their 
Axes croſſing each other in a larger Angle 
than they would do if the Object were to 
be feen by the naked Eye, as we ſhall de- 
monſtrate in the Notes, Viſion will be d:/f:nt, 
and the Object will appear magnified. 

The Power of magnifying in this Teleſcope 
is as the focal Length of the Object-glaſs to 
the focal Length of the Eye-glaſs (J). 


It 


Den. In order to prove this, we may conſider the Angle 
AEC as that under which the Object would be ſeen by the 
F 2 naked 
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It is evident from the Figure, that the vi- 
ſible Area, or Space which can be ſeen at one 
View when we look through this Teleſcope, 
depends on the Breadth of the Eye-glaſs, and 
not of the Object-glaſs; for if the Eye-glaſs 
be too ſmall to receive the Rays GM, IK, 
the Extremities of the Object could not have 
been ſeen at all : A larger Breadth of the Ob- 
ject-glaſs conduces only to the rendering each 
Point of the Image more luminous by re- 
ceiving a larger Pencil of Rays from each Point 
of the Object. 

Tt is in this Teleſcope as was remarked of 
the compound Microſcope in the Notes, 
(Page 174), that what we ſee, when we look 
through it, is not the Object itſelf, but only 
an Image of it at GI: Now that Image being 
inverted with reſpect to the Object, as it is, 
becauſe the Axes of the Pencils that flow 
from the Object croſs each other at E, Ob- 
jects ſeen through a Teleſcope of this Kind 
neceſſarily appear znverted, 


naked Eye; for in conſidering the Diſtance of the Object, the 
Length of the Teleſcope EP may be omitted, as bearing vo WR 
Proportion to it. Now the Angle, under which the Object is 
ſeen by means of the Teleſcope, is KPM, which is to the other FR 
AEC, or its Equal KEM, as the Diſtance EL to LP, or which 
is the ſame Thing, by Lemma to the foregoing Note, as EH o a 
HL. The Angle therefore, under which an Ot ject appears io ⁶ 
an Eye aſſiſted by a Teleſcope of this Kind, is to that under 
which it would be leen without it, as the focal Length of the 
Object gals to the focal Length of the Eye-glaſs. 
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This is a Circumſtance not at all regard- 
ed by Aſtronomers; but for viewing Objects 
upon the Earth, it is convenient that the 
Teleſcope ſhould repreſent them in their na- 
tural Poſture; to which Uſe the Teleſcope 
with three Eye-glaſles, as repreſented Fig. 77. 
is peculiarly adapted, and the Progreſs of the 
Rays through it from the Object to the Eye 
is as follows : | 

AB is the Object ſending out the ſeveral 
Pencils ACD, BCD, Sc. which paſſing thro' 
the Obje&-glaſs CD, are collected into their 
reſpective Foci in EF, where they form an 
inverted Image, from hence they proceed to 
the firſt Eye-glaſs HI, whoſe Focus being at 
G, the Rays of each Pencil are rendered pa- 
rallel among themſelves, and their Axes, which 
were nearly parallel before, are made to con- 
verge and croſs each other at K: The ſecond 
Eye-glaſs LM, being ſo placed that its Focus 
ſhall fall upon K, renders the Axis of the 
Pencils which diverge from thence parallel, 
and cauſes the Rays of each which were 
parallel among themſelves to meet again at 
its Focus NO on the other Side, where they 
form a ſecond Image inverted with reſpect 
to the former, but erect with reſpect to the 
Object. Now this Image, being teen by the 
Eye at XY through the Eye-glaſs QR, affords 
a direct Repreſentation of the Object, and 
under the ſame Angle that the firſt Image 

1 EF 
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EF would have appeared, had the Eye been 
placed at K, ſuppoſing the Eye-glaſſes to be of 
equa! Convexity ; and therefore the Object is 
ſeen equally magnified in this, as in the former 
Teleſcope, that is, as the focal Diſtance of 
the Ovj<t-glais to that of any one of the 
Eye-glaſſes, and appears erect. 

If a Icleſcope exceeds 20 Feet, it is of no 


Ute io viewing Objects upon the Surface of 
the Earth; for if it magnifies above 90 or 100 
Times, as thoſe of that Length uſually do, the 
Vapours, which continually float near the Earth 


in great Plenty, will be ſo magnified as to 
render Viſion obſcure. 

The Teleſcope with the concave Eye-glafs 
is conſtructed as follows: 

AB (Fig 78.) is an Object ſending forth 
the Pencils of Rays ADE, BDE, &c. which, 
alter paſting through the Object-glaſs, DE, 
tenas towards FG (where we will ſuppole the 
Focus of it to be) in order to form an in- 
verted Image there as before; but in their 
Way to it are made to paſs through the 
concave Glaſs HI fo placed that its Focus 
may tall upon S, and conſequently the Rays 


of the ſeveral Pencils which were converging | : 


towards thoſe reſpective focal Points F, 8, G, 


will be rendered parallel among themſelves; ; 
but the Axes of thoſe Pencils crofling each | : 


other at K, and diverging from thence, 


will be rendered more diverging, ſuppoſe i 
the 
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the Directions LM, NO. Now theſe Rays 


| : | entering the Pupil of an Eye, will form a 
large and diſtinct Image FQ upon the Rerz- 
na, which will be iaverted with reſpect to the 


Object, becauſe the Axes of the Pencils croſs 
in K; and the Angle the Object will appear 


under will be equal to that which the Lines 
ML, ON, produced back through the Evye- 


olaſs, form at X. 


'Tis evident, thatthe leſs the Pupil of the 


$ | Eye is, the leſs is the viſible Area ſeen through 


a Teleſcope of this Kind; for a leſs Pupil 
would exclude ſuch Pencils as proceed from 
the Extremities of the Object AB, as is evi- 
dent from the Figure. This is an Inconveni- 
ence that renders this Teieſcope unfit for man 
Uſes, and is only to be remedied by the Te- 
leſcope with the convex Eye-glaſſes, where the 
Rays which form the extreme Parts of the 
Image are brought together in order to enter 
the Pupil of the Eye, as explained above. 

It is apparent alſo, that the nearer the 
Eye is placed to the Eye-glaſs of this Tele- 
ſcope, the larger is the Area ſeen th ough it; 
for, being placed cloſe to the Glaſs, as in 
the Figure, it admits Rays that come from 
A and B, the Extremities of the Object, 
_ it could not if it was placed farther 
off. | | 

The Degree of magnifying in this Tele- 
ſcope is in the ſame Proportion with that in 
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the other, viz. as the focal Diſtance of the 
Object-glaſs is to the focal Diſtance of the 
Eye-glais. 

For there is no other Difference but this, viz. 
that as the extreme Pencils in that Teleſcope 
were made to converge and form the Angle 
KPM (Fig. 76.) or QPR (Pig. 77.) theſe are 
now made to diverge and form the Angle MXO 
(Fig. 78.) which Angles, if the concave Glaſs 
in one has an equal refractive Power with the 
convex one in tne other, will be equal, and 
therctore each Kind will exhibit the Object 
magnified in the ſame Degree, 


There is a Defect in all theſe Kinds of 
Teleſcopes, not to be remedied by any Means 
whatever, which was thought only to a- 
riſe from hence, viz. that ſpherical Glaſſes 
do not collect Rays to one and the ſame 
Point, as was obſerved (Chapter III. in the 
Notes) but it was happily diſcovered by 
Sir Jaac Newton, that the Imperfection of 
this Sort of Teleſcope, ſo far as it ariſes 


from the ſpherical Form of the Glaſſes, bears 


almoſt no Proportion to that which is owing 
to the different Refrangibility of Light. This 
Diverſity in the Refraction of Rays is about 
a twenty-eighth Part of the Whole, ſo that 
the Obje&-glaſs of a Teleſcope cannot collect 
the Rays which flow from any one Point in the 
Object into a leis Room than the circular "__ 

whoſe 
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b hoſe Diameter is about the fifty- ſixth Part of 
the Breadth of the Glaſs (g). Therefore, ſince 
cach Point of the Object will be repreſented 
in ſo large a Space, and the Centers of thoſe 
Spaces will be contiguous, becauſe the Points 
in the Object the Rays flow from are ſo, 
it is evident that the Image of an Object made 
by ſuch a Glaſs muſt be a moit confuſed 
WF Repreſentation, though it does not appear fo 
S when viewed through an Eye-glaſs that mag- 
T nifies in a moderate Degree; conſequently the 
Degree of magnifying in the Eye-glaſs muft 
not be too great with reſpect to that of the 
Obdject-glaſs, leſt the Confuſion become ſen- 
able. 

Notwithſtanding this Imperfection, a di- 
optical Teleſcope may be made to magnify 
in any given Degree, provided it be of ſuf- 
= ficient Length; for the greater the focal 
=X Diſtance of the Object-glaſs is, the leſs may 
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g) To ſhew this, let AB, Fig. 79. repreſent a convex Lens, 
and let CDF be a Pencil of Rays flowing from the Point D, and 
let H be the Point at which the leaſt refrangible Rays are collect- 
ed to a Focus, and I, that where the mott refrangible concur ; 

then, if IH be the twenty-eighth Part of EH, IK will be a pro- 
© portionable Part of EC (the Triangles HIK and HEC being 
ſimilar:) Conſequently LK will be the twenty-eighth Part of 
Fe. But MN will be the leaſt Space into which the Rays will 
be collected, as appears by their Progreſs repreſented in the Fi- 
FX gure. Now MN 1s but about half of KL, and therefore it is 
but about the fifcy-fixth Part of CF, ſo that the Diameter of the 
pace, into which the Rays are collected, will be about the fifty- 
# fixth Part of the Breadch of that Part of the Glaſs through which 
= ihe Rays paſs, Which was to be ſhewn. 
be 
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be the Proportion which the focal Diſtance f 
the Eye-glaſs may bear to that of the Objea. 
glaſs, without rendering the Image obſcure, 
Thus an Object-glaſs, whoſe focal Diſtance 
is about four Feet, will admit of an Eye. 1 
glaſs whoſe focal Diſtance ſhall be little more 
than one Inch, and conſequently will magnify 
almoſt forty-eight Times; but an Object-glas 8 
of forty Feet Focus will admit of an Eye. 
glaſs of only four Inch Focus, and will there. 
fore magnify 120 Times ; and an Obje&-glak 
of an hundred Feet Focus will admit of an 

Eye-glaſs of little more than fix Inch F. 
cus, and will therefore magnify almoſt 200 
Times (5). . 
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But 


( The Reaſon of this Diſproportion in their ſeveral Degrees 
of magniſyingis to be explained in the following Manner: Since 
the Diameters of the Spaces, into which Rays flowing from the RR 
ſeveral Points of an Orje& are collected, are as the Breadth of RR 
the Object glaſs, it is evident that the Degree of Confuſednels RX 
in the Image is as the Breadth of that Glaſs (for the Degree of! = 
Confuſedneſs will only be as the Diameters or Breadths of FR 
thoſe Spaces, and not as the Spaces themſelves.) Now the fo- FR 
cal Length of the Eye-glaſs, that 1s, its Power of magnifying, Þ 
muſt be as that Degree; for, if it exceeds it, it will render 
the Confuſedneſs ſenfible; and therefore it muſt be as the 
Breadth or Diameter of the Object-glaſs. The Diameter of 
the Object glaſs, which is as the ſquare Root of its Aper- 
ture or Magnitade, muſt be as the ſquare Root of the Power 
of magnifying in the Teleſcope, for unleſs the Aperture 1t- 
ſelf be as the Power of magnifying, the Image will want 
Light; the ſquare Root of the Power of magnifying will be # 
the ſquare Root of the focal Diſtance of the ObjeQ-glaſs ; and 
therefore the focal Diſtance of the Eye-glaſs muſt be only as the 
ſquare Root of that of the Object glaſs. So that in making We 
Uſe of an Object-glaſs of a longer Focus, ſuppoſe than one ” Þ 

; 
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| But Teleſcopes of ſuch prodigious Length 
being very incommodious and unfit for Prac- 
= tice, the catadioptrical or reflecting Teleſcope, 
as it is commonly called, invented by Sir 
"2 Iſaac Newton, is infinitely preferable to them; 
for one of theſe, ſix Feet in Length, ſhall 
@ magnify as much as one of the other of an 
T bundred. The Form of the Tube, and the 
& Progreſs of the Rays through it, are as de- 
ſeribed in Figure the Soth, where ABCD is 
the Tube, BC a concave reflecting Metal, EF 
Ja plain reflecting Metal fixed to the Tube by 
Means of the Stem HI. MN repreſents a 
diſtant Object emitting Pencils of Rays from 
each Point, two only of which are here 


' FT repreſented, and thoſe cut off before they 
reach the Metal, to prevent Confuſion in the 
Figure. Now it is evident from what has 
e bcen explained above (Chap. X. Propoſit. 3. 
Caſe 4.) that theſe Rays, were they not in- 
of 4 tercepted in their Way, would return after 
of FF Reflection at the concave Surface BC, and 
0- - 
p I from an inverted Image at OP, ſuppoſing 
« 
J zs given, you are not obliged to apply an Eye ęlaſs of a 
ol! I 


proportionably longer Focus than what would ſuit the given 
ObjeR-glaſs, but ſuch a one only whoſe focal Diſtance ſhall 
be to the focal Diſtance of that which will ſuit the given Ob- 
; ject-glaſs, as the ſquare Root of the focal Length of the Ob- 
& jeCt-glaſs, you make Uſe of, is to the ſquare Root of the focal 
3 WE Length of the given one. And this is the Reaſon that longer 
nd Ws Teleſcopes are capable of magnifying in a greater Degree 


ine WE than ſhorter ones, without rendering the Object confuſed or 
is WE coloured, | 
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that to be the Place of the Focus of reflected 
Rays. But in this Caſe the reflected Ra 
are intercepted in their Return to that Plak 
by the plain Metal, and are thereby thrown 
ſide- ways, and, inſtead of forming the Image 
OP, are made to form the Image QR, 
which, becauſe the Rays have as yet (uf. 2 1 
fered no Refraction, is not liable to the 
Imperfection which ariſes from the different 
Refrangibility of the Rays of Light, nor 6 
any other except what may ariſe from an 
imperfect Poliſh, or the Want of the Form 
of one of the conc Sections in the Reflecter MY 
BC; and therefore may be viewed by a | 
Eye at T with a very ſmall Lens or Eye- 
glaſs KL, without appearing either coloured 
or confuſed. bf 

It being inconvenient to find the Object with 
a Teleſcope of this Form, a ſmall dioptrica 
Teleſcope with two Hairs or Wires run through 
the Tube in the common Focus of the two 
Glaſſes, and croſſing each other at right | 
Angles, is generally fixed upon it in ſuch Þ 
a Manner that the Axis of the Teleſcope 
ſhall be parallel to that of the other, fo that 
when the Object appears in one at the Inter- 
ſection of the Hairs, the other may be duly 
poſited for viewing the ſame Object through I 
its Side. | = \ 

But this Method of finding an Object 5 
very incommodious for viewing terteſttial 

Objects, 
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objects, and therefore the ſame Kind of Te- 
Neſcope has been contrived and effected in the 
# ollowing Manner : 
* ABCDEFGH (Fig. 81.) is the Tube, BG 
the concave reflecting Metal, with an Hole in 
Wit at IK. LM is another reflecting Concave 
fxed to the Tube by means of the Stem NO, 
the common Focus of the two Metals being 
Wat P. This being thus diſpoſed, let QR 
repreſent an Object emitting ſeveral Pencils 
Jof Rays, two of which are repreſented in the 
Figure. Theſe, after Reflection, will form 
the two Extremities of the inverted Image 
sr (as explained Chap. X. Prop. 3. Caſe 4.) 
„where the ſeveral Rays of the ſame Pencil 
{ Ecroſs each other, and, being afterwards re- 

flected by the concave Surface LM, become 
parallel among themſelves, but the Pencils 
1] TX themſelves are made to converge, and, croſſing 
beach other at V, paſs through the Lens CF, 
o which having its focal Diſtance about V, 
makes the Pencils parallel, and at the fame 
þ IE Time renders the Rays of each Pencil con- 
verging, ſo as to form an eret Image WX, 
PE which is ſeen by the Eye at Y through another 
Liens at DE. 

his Kind of Teleſcope is called the Gre- 
gorian, as being attempted by J. Gregory, 
though in vain. (See his Op:1ca promota, 
is Propoſit. 59.) It is now grown common, 
and is excellently well adapted for the viewing 
* terreſtrial 
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terreſtrial Objects, becauſe a Tube of this Kind, 
of two or three Feet in Length, will — | 
ſufficiently for that Purpoſe. 


If the Readec would fee a particular Hiſ. . 
tory of the Invention of the ſeveral Sorts of 
reflecting Teleſcopes, he may conſult the 
Appendix to the laſt Edition of Gregory's 
Optics, where he will find a full Account of i 
it, together with the Letters that paſſed be- 
tween the Inventors themſelves upon that Oc- 
caſion. And for ſuch Authors as have ex- 
plained the Nature of Microſcopes and Tele. 
ſcopes in general, conſult Mr. Jobnſan's Qua- 


fliones Phileſoph. Q. 34 & 35. 
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DISSERTATION IV. 
Of the Rainbow. 


Efore the different Refrangibility of Light 
was diſcovered, all Attempts to ac- 
Count for the Appearance of the Rainbow 
proved ineffectual; for it is no other than 


| | the Diverſity of Refrangibility to which that 


Phenomenon is to be aſcribed: As will ap- 
pear from the following Explication of it; 
in which, becauſe it is a Phenomenon not eaſily 
apprehended by Beginners, I hope to be ex- 
Jcuſed, if I am more than ordinarily particu- 
lar. To begin then: 
The Rainbow is never ſeen, but when the 
Jon ſhines upon Drops of Rain falling on 
chat Side of the Spectator which is oppoſite 
to the Sun. 
0 illuſtrate this, let A (Fig. 82.) repre- 
ſent the Eye of a Spectator, and let B, C, D, E, 
be a Series of Drops of Rain falling from 
Ja Cloud, on which let the Sun be ſuppoſed 
to ſhine from the Parts about S, S, Cc. then 
will there be exhibited the Appearance of 
a Rainbow in the Cloud; and it will be 
formed as follows. Let SB, SC, SD, Sc. re- 
Ipreſent the Sun's Rays, which (becauſe of 
che Sun's great Diſtance) we will ſuppoſe 
| parallel; 
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parallel; and let the Ray SC fall upon the 2 


1 
2 
. 


Drop C at the Point C: Then will ſo much 
of it as enters the Drop be refracted towarg i 
the Perpendicular, and proceed on, ſuppo 
to F, where Part of it will be tranſmitted, 
and Part reflected, ſuppoſe to G (i): Of tha 
which is reflected to G, ſome will be ther: i 
reflected and ſome tranſmitted ; that which 
is tranſmitted will, on account of the Diver. 
fity of Refrangibility to which Light is ſub- 
ject (&) be ſeparated by Refraction, and mad: 
to exhibit the ſeveral priſmatic Colours, vi: 
Red, Orange, Yellow, &c. And if the R 
Light proceeds from the Drop in the Line 
GR, the Orange, ſuffering a greater Degree of 
Refraction, will proceed in one ſituated above 
this, ſuppoſe in GO, and the Yellow in 6 
Sc. and the Yivlet in GV; therefore, to a 
Eye placed any where in the Line GR, thi 
Drop C will exhibit a Red Colour, that 5 
the Cloud will appear Red in that Place. 
To an Eye placed any where in the Lin 
GO, the ſame Drop would exhibit the 14 
of Orange Colour, and fo on through all ti: 
Colours of the Priſin. | | 

Now, let us conſider the Paſſage of a Ry 
of Light through another Drop at a certale 
Diſtance below this, v/z. the Drop D, «I 


() See the Manner in which Light is refleted, Chap. vill . 
(4) Sec Chap, xi. 9 
which 
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SF which let SD be the incident Ray. This 
Ray, after having been refracted and reflected 


as the former was in the other Drop, will 
emerge ſeparated into the Rays HR, HO, HY, 
&c. of which, if HR exhibits the Red, HO 


4 will paint the Orange, HY the YT*/low, &c. 


and HV the Violet Colour; and the Ray in- 
cident upon this Drop being parallel to that 
which was incident upon the former, the 
Rays exhibiting the ſeveral Colours ſeparated 
by this Drop, will be reſpectively parallel to 
the Rays exhibiting the correſpondent Co- 
lours ſeparated by means of the other Drop; 
that is to fay, the Rav HR, which exhibits 
Red in this Drop, will be parallel to the Ray 


= GR, which exhibits the fame Colour in the 


other Drop; and fo of the other correſpond- 


ing Colours. Conſequently the Rays HO, HY, 
Sc. which exhibit Orange, Yellow, &c. in 


tis Drop, will all converge towards GR, which 


exhibits Red in the other: And therefore 
each of theſe would croſs that, if produced 
far enough. Let then the Ray HV in the 
Figure before us, which exhibits Violet in this 
Drop, be produced till it croſſes that which 
exhibits Red in the other produced alſo, ſup- 


1 poſe at the Point A where the Eye of the 
7 Spectator is placed. To this Eye therefore, 


upon this Suppoſition, will be repreſented in 
the Cloud at the ſame Time two of the 
priſmatic Colours, vis. Red, and Violet, the 
= F#be 3h G Red 
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Red above at G, and the Violet below at 
II. But if we ſuppoſe the Eye placed far- 
ther back, where a Ray, that exhibits another 
Colour in the Drop D, would croſs the Ray 
GR, or which comes to the ſame Thing, if 
we ſuppoſe the Drop D ſo much nearer to 
the Drop C, that that Ray may enter the Eye 
along with the other at A; then would the 
Colour of that Ray be exhibited along with 
the Red. For Inſtance, if the Drop D be 
placed ſo much higher, that the Ray HO 
which exhibits Orange, may croſs the Ray 
GR at A, then to the Eye will be exhibited 
the Colours of Red and Orange; and if there i 
| be a third Drop below this, fo placed that 
the Ye//aw proceeding from it ſhall enter the 
Eye alio at the ſame Time, then will three 
of the priſinatic Colours appear to that Eye, 
and ſo on for the other Colours, till the Si- 
tuation of the Drop be ſuppoſed as low W 
as where the Drop is, and then the Violet 
and moſt refrangible Light is tranſmitted to 
the Eye; but from Drops below this, no 
Colour is tranſmitted thither, all the Rays 
which iſſue from a lower Drop, as E, paſſing 
below the Eye. And as thoſe Rays, which 
paſs through the lower Drops, are too low 
for the Eye at A, ſo thoſe which come 
from the higher ones, as B, are too high, 
as appears by Inſpection of the Figure; ſo 
that there is .nothipg but total Darkneſs both 
* above 


* 


— 


17. ate XI. H. GC. 


art 
A. 
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1 above and below. Now ſince the Colours of 
the Rainbow are the ſame with thoſe of the 


= Priſm, it is evident, from what has been ſaid, 


that between the Points G and H, all the Co- 
lours of that beautiful Ph@nomenon will appear, 
provided a ſufficient Number of Drops be ſup- 
plied from the Cloud, to prevent any Hiatus or 


I Deficiency in the Light reflected by them. 


But we have hitherto facitiy ſuppoſed, that 
= the Rays SB, SC, SD, Sc. were all incident 
with the ſame Degree of Obliquity upon the 
= Surface of each Drop (that is, that they enter- 
ed at the ſame Diſtance from that Point in the 
8 Surface of each Drop which is neareſt the Sun) 
and that that Obliquity was certain and deter- 
minate: For Rays which enter the Drops with 
other Obliquities conduce nothing towards ex- 
hibiting the Colours of the Rainbow, and are 
therefore to be looked upon as ineſfectual and 
inſignifcant. The Truth of which we ſhall 
now proceed to ſhew, After this we {hall be 
enabled to explain the remaining Particulars 
relating to the Bow. 

=_ Let then SA, SB, SC, Cc. (Fig. 83.) re- 
== preſent the Sun's Rays falling upon the Drop 
© XY, the firſt perpendicularly to the Surface of 
it, the other with different Degrees of Obliqui- 
ty, according to their different Diſtances from 
the firſt; and let the Point at which the two 
= fiſt, v/2. SA and SB, would meet by means 
. of that Reſraction which the oblique one SB 


G 2 ſuffers 


m % 
—— ——— oo — — — —. 
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ſuffers in paſſing through the firſt Surface of | 
the Drop, be H. Now it was remarked An 
III. Obſervat. 2. in the Notes) that when 
parallel Rays fall upon a convex Surface, the 
nearer any one of the oblique ones is to that 
which enters the Surface perpendicularly, the 
_greater ſhall be the Diſtance at which it will 
meet the perpendicular one after Refraction at 
that Surface ; that is, in the preſent Caſe, that 
the oblique incident Ray SB ſhall after Reftac- 
tion at B, (ſuppoſing it to paſs through the ſe- 
cond Surface of the Drop without RefraQtion) | 
meet the perpendicular Ray SA produced at: 
greater Diſtance than SC ſhall; and SC fhal | 
meet it at a greater than SD ſhall; SD a | 
a greater than SE, &c, H then being ſuppoſe | 
to be the Point where SB meets SA, let I be Þ 


that where SC, K that where SD, L that where | 1 4 1 
SE, M that where SF would meet it, Ge. 1 | 


From whence we may obſerve, 


That the farther we take the Rays from | 


SA, the zearer the Points at which the te- 
fracted Rays fall upon the ſecond Surface «| 
the Drop approach to X, till we come to the 
Ray SD ; after which, the farther we take them | 
from SA, the farther the Points they fall upon 
are from X. For Inſtance, the Ray SB falb | 

upon N; SC upon O; SD upon P; but SE | 
does not fall beyond P, but upon O, and SF þ 


Eg | ates Bo” ORE I be rd Op * I er : e 1 
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upon N, &c. So that upon every Point belov | ; 


P there are two Rays incident; and the one af 


them . 


F 
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. them is ſuch as enters the Drop on one Side of 
the Ray SD, and the other on the other; and 


dee farther from it the one is on the one Side, 


the farther the other is on the other; and alſo 
the farther they are from it, the farther the 


3 Point they meet at is from P. Thus SC and 


SE meet at O, the Rays SB and SF at N, Sc. 
The Uſe of which Obſervation we ſhall ſee by 
and by. But let it be remembered, that I would 
be underſtood here and in what follows of ſome 


1 one Species of Rays only. 


Now it is remarkable, that when two Rays 
fall upon a Drop, and at their Entrance are fo 
refracted, as to meet in a Point at the other 
= Surface, and are from thence reflected to ſome 
other Part of the Surface, and there paſs out 
of it ; they ſhall after ſuch Emergency have the 


"X fame Inclination towards each other, that they 


had before they entered the Drop. To explain 
this, let AB, CD, (Fig. 84.) repreſent two 
Rays incident upon the DropBEF, and let them, 
after Refraction at B and D, meet at the Point 
E, from whence being reflected, let them paſs 


þ out at F and G, and be refracted into the Lines 
"X FH and GI; then whatever Inclination the 


incident Rays AB, CD, have to each other, the 


ö ; emerging Rays FH and GI will have the ſame ; 


becauſe the Angles of Incidence and Reflection 
at E being equal, the Rays EF and EG will 


J | have the ſame Inclination to each other, and to 
the Surface at F and G, that the Rays EB and 


G 3 ED 


| 
| 
| 
| 
| 
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ED have to each other, and to the Surface at . 


B and D. For if we conceive all theſe Rays 
to flow from the Point E as a Radiant, and BA, 
DC, to be the refracted ones of the incident ones 
EB, ED, as FH and GI are of EF and EG, 
it is evident, that under theſe Circumſtances, the 
Rays BA and CA will have the fame Inclination 
to each other, that FG and HI have; but the 
Degree of Refraction is the ſame, whether EB 
and ED, or AB and CD, be the incident Rays; 
becauſc the refractive Power of the Drop is the 
ſame, whether the Rays paſs one Way, or the 
other. The Propoſition therefore is true. 


From hence it follows, that the parallel 
Rays, SB, SF, (Fig. 8 3.) which after Refraction¾ 
meet at the ſame Point N, will if they are 
from thence reflected, ſuppoſe in the Lines NQ, FR 


NR, become parallel to each other, after theit 


Emergency, ſuppoſe in the Lines QT, RV: 
But their intermediate ones SC, SD, and SE, | 


which fall upon quite different Points at the 
ſecond Surface of the Drop, and are from 
thence reflected, will not do ſo, but will go out 


in Directions oblique to one another and to ; 
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them; and will therefore paſs on, not only a FF 
different Way from them, but from one anos Fi 
ther; So that the Rays QT and RV will be 
left to themſelves, being deprived of their n- 
termediate ones, by which Means they are | 


tendered, as to all Intents and Purpoſes of Vi- 
hon, entirely uſeleſs and in/ignificant. = 
| Again, 
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Again, the Rays SC and SE, which meet 
at the Point O, will alſo be parallel among 
themſelves after their Emergency from the 
E Drop, but their intermediate ones will paſs off 
another Way, though not fo obliquely, with 


© | reſpect to them and to one another, as thoſe 


in the foregoing Caſe; becauſe the ſeveral 


1 Points they fall upon at the ſecond Surface 


of the Drop, being ſituated between O and P, 

are nearer to each other, than the Points the 
intermediate Rays fell upon, in the former Caſe, 
were to N. 

But ſuch as are incident very near SD on 
each Side of it, will with their intermediate 
ones all fall upon, or at an inſenſible Diſtance 
from the Point P; ſo that theſe, after their 


4 Emergency, will all paſs on parallel, or very 


nearly ſo, to each other; and therefore when 
they enter the Eye of a Spectator, though he 
be at a conſiderable Diſtance, will affect him 
ſenſibly enough to excite the Idea of their 
own Colour (for as was obſerved above, I 
ſpeak now only of Rays of one Colour) which 


7 the other Rays conſidered in the forementioned 


Caſes, for Want of their intermediate ones, were 
too weak to do, however near the Situation of 
the Eye might be. Theſe therefore are the 
only Rays that exhibit the Colours of the Bow, 
and are hence called in Contradiſtinction to ſuch 
as enter at other Points of the Drops, that is, 
with other Obliquities, efe&ual or /ignificant. 

G 4 It 


| 
| 
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It was proper therefore, in the Explication a- 
bove, to ſuppoſe none to enter the Drop, but 


theſe. As to the Degree of Obliquity with ö 
which Rays muſt fall upon the Drops to be- 


come effectual, the Method of finding that will 
be ſhewn in the next Note. 
Since then the effectual Rays enter each 


Drop with the ſame Degree of Obliquity (I : 4 
ſtill mean ſuch Drops as exhibit the ſame Co- 
lour) the emerging Rays muſt neceſſarily make 


the ſame Angle with the incident ones in every 


Drop. The Magnitude of which ſhall be de- 
termined in the Note below (a). That is, the 
Angle which the Ray SC (Fig. 82.) makeswith 
the emerging Ray GR which exhibits Red, will 
be the ſ:me in all the Drops that exhibit 
that Colour, and ſe of the reſt. Let then the 

Line 


(a) We are here to determine the Angle, which an incident 
effcacious Ray of any Colour makes with the emerging Ray of 
the ſame Colour. In order to this, let AB, CD, (Fig. 84.) be 
two Rays incident upon the Drop BG, and let them be refraQed 
to E, and after Reflection there, and a ſecond Refraction at Fand 
G, let them emerge in the Lines FH and Gl, making with the 
tir yo ones the Angle AKI, which is the Angle to be detet- 
mined, 

Let vs call the Ratio, which the Sine of the Angle of Inci 
dence bears to that of the Angle of Refraction, 1 to R. Then 
from the Center I to the Lines BK, BE, DE, draw the Lines 
LM, LN, and LO, reſpectively perpendicular, and with the Ra- 
diu LO deſcribe the Arch OP, and draw the Line LB, and pto- 
duce it to Q. Then will ABQ, or its Equal LBM, be the 
Angle of Incidence of the Ray AB, and LN its Sine: LBN will 
be the Angle of Refraction, and LM its Sine: Likewiſe LR will 


be rhe Sine of the Angle of Incidence of the other Ray CD, 7 
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| 4 Line Al be ſuppoſed to be drawn from the 
sun through the Eye of the Spectator. This 


108 


Line, becauſe of the Sun's immenſe Diſtance, 


Vill be parallel to the Sun's Rays SB, SC, SD; 
and therefore the Angle GAI which this Line 
makes with any one of the emerging Rays, for 


Inſtance GR, will be the ſame that the incident 
Let us then imagine the 


ones makes with it. 
Line AI fixed, and the Line AG to revolve 
= round it, always making the fame Angle with 
it; then will the Line AG deſcribe the Surface 
of a Cone whoſe Apex will be at A, and its 
Axis AI, and the Surface of this Cone will 
in all Parts of it make the ſame Angle with 
the Sun's Rays, becauſe they are parallel to 


3d Steps 


Now if we ſubſtract the two 


firſt Members of the fourth 
Step from the two firſt of 
the firſt Step reſpectively, 
by which Means the Pro- | 
portion between the Terms 


will not be deſtroyed, we 
ſhall have | 


| 3 But by the Figure 
2A 


n — ——— —ä—ä—— 


| 0 Therefore from thefifth, ſixth, 


and ſeventh Steps, we have 


| 


3 


4 


[ 
| 
l 


8 
7 
8 


LM: LN: : I: R 
LR: LO: : I: R 
LO = LP 


LR: LP:: I: R 


LM—LR=MR 
| LN—LP=NP 


[MR :NP::I:R 


One 


XX LO the Sine of its Angle of Refraction. We ſhall therefore have 
for the firſt Step of the following Proceſs 
this Proportion, wiz, 
And for the ſecond 
But by Conſtruction 
Therefore from the 2d and 


LM—LR : LN—LP: : I: R 


Parallel 
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one another, and to the Axis of the Cone; 
therefore Drops of Rain, whatever Part of thi; | 
Surface they paſs through in falling, will, in th 
Inſtant of Time that they paſs through it, ſeng 1 
a red Ray towards the Eye of the Spectator; for 
it is not neceſſary that the Drops ſhould be allt 
the ſame Diſtance from the Eye. In like man. 
ner Drops of Water, paſſing through the Surface 
of a leſler Cone made by the Revolution of the e 
Line HV about the Line Al, will exhibit V. kX; 
let; and fo for the intermediate Colours. 80 i 
that the Rainbow, were we to ſee it entire 
would be a compleat Circle having its Center 
in the Line AI, and conſequently directly op- 
polite to the Sun with reſpect to the Spectator᷑: 

Eye. 


Parallel to BE draw the Line DX, and on the Lines DR ani We 
DX let fall the Perpendiculars BT and BX, from the Point B. Bu 
Then, becauſe we ſuppoſe the Rays AB and CD efficacious ones, A. 
and thereforeinfinitelynearer one another,thelittleTrianglesBTD, WT Cc 
BXD, and NQP may be conſidered as right-lined ones, and the WE 
latter, iz. NOP may be alſo looked vpon as right-angled at. BY 
Upon this Suppoſition, the Triangles BTD and BLM will be f. T] 
milar, for they are rigbt. angled at T and M; and the Angles DH Ce 
and MBE want each the ſame Angle TBL to make either of thin 


right, they are therefore alſo equal. For the like Reaſon the Tn. Bi 
angles DBX and BNL. are fimilar, being right-angled at A I. 
N, and wanting equally the Angle XBL to make their Angle: at] A. 
right ones. But to the Triangle BDX the Triangle NPO is av , 
Himilar, for they are right-angled at P and X, they have their Sin | 
NP and BX parallel, as being each perpendicular to the ſame Ii Ar 


BE; and their Sides NO and BD are alſo parallel, becauft tit 
Points N and O, <where the Perpendiculars LN and LO fall, mu 
be in the Middle of the Lines BE and DE. Farther, ſince the 
Lines BE and DE are coincident at E, and the Points N and 


are in the Middle of each, BD is double of NO; and — 
quen ) 
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ye. The Reaſon that it does not appear ſuch, 
s' becauſe the Sun when the Rainbow is ſeen, 
Iss in or above the Horizon, and therefore the 
enter of the Bow being oppoſite to it, is in 
"Dor below it, on the other Side the Spectator. 

"X Since the Angle made by the Line SC with 
R, or which is the ſame Thing, GR with AI 
is 42 Degrees and two Minutes, as determin- 
*Zed in the Note, it's evident that when the Sun 
is in the Horizon, the higheſt Point of the Bow 
is 42 Degrees and two Minutes above the Ho- 


rizon, 


oed, the Triangles NOP and Box being ſimilar, BX is 
double of NP. From all which we have the following Steps, 


reiz. 
; And 

zy comparing theſe two to- 
| WE gether 
But by Conſtruction 
„ And, as was juſt now ſhewn, 
„ Conſequently from the three 
e laſt Steps 
), But by the eighth Step 
j. Therefore from the laſt 
7 5 Conſequently from the four- 
"© teenth and ſixteenth Step 
. Bat from the firſt Step 
Therefore from the two laſt 
And by changing the Places 
of the mean Terms in the 
& laſt Step 
And by ſquaring each Term 
From whence by comparing 
the Antecedents and Con- 
ſequents with the Antece- 
= dents we have 


| 


| 
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; 


9 


BL: BM: : BD: BT 
BL: BN: : BD: BX 


BM: BN: : BT: BX 
BTS MR 
BX=—=2NP 


BM: BN: : MR: 2NP 
I: R:: MR: NP 
I: R:: MR: 2 NP 


BM: BN: : I: 2R 


LM: 2LN: : I: 2R 
BM: BN: : LM: 2LN 


BM: LM: : BN: 2LN 


: BMq : LMꝗq: : BNꝗ: 4LNq 


BMq + LMq : BMq : : BNq 


_ + 4 L'Nq: ENꝗ 
But 
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rizon, for then the Line Al is parallel to it; and 
as the Sun riſes the Height of the Bow dimi. 
niſhes, and with it the Portion that is viſible 

till it is 42 Degrees and two Minutes high; after: | 
which the Bow appears no more, becauſe then 
the Point I is above 42 Degrees below it. 
The Phanomenon, we have been explaining, WS : 
conſtitutes what is called the primary or int.. 
rior Bow ; there is alſo another exterior to this : 
whole Colours are much more dilute and faint, 1 
which t 


But becanſe the Triangle l 
BML is right-angled at M | 23 | BMq+LMq=BLq 
And for the like Reaſon, | | 
BNq + LNq is equal to 
BLq, therefore 24 | BNq 83 LNq=BLq+ 
3 
Therefore from the three laſt : 
Steps 42 25 | BLq : BMq: :BLq+3L\q: 
| BNq 
But BLN being a right-an- | 
gled Triangle 126 | BNq=BLq«LNgq 
Therefore from the two laſt 
Steps | | 27 | BLq : BMq: : BLq+3LNg: 
Now becauſe BML is a right- | BLq—LNq 
angled Triangle 28 | BLq=BMq+LMq 
Therefore from the two laſt | 
Steps | 29 | BLq : BMq : : BLq+ 314 We 
And ſubſtracting the two firſt BMq-+LMq—LNq F 
Terms, wiz. BLqand BMq a 
out of the two laſt Terms Sw 
reſpectively, we have 30 BLꝗq: * LNq: LM RE - 
But by the firſt Step 31|LM;LN::1:K Þ & 
Therefore ſubſtituting J and | W 
R in the Room of LM and 5 
LN in the zoth Step, we n 
bave + 32 aer 


| 
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v hich for that Reaſon is called the ſecondary Bow. 
ET The Progreſs of the Rays of Light through the 
ES Drops of Water, in forming this, is as follows. 
Let A (Fig. 85.) repreſent the Eye of a 

2 Spectator, SB and SC two of the Sun's Rays 

entering the Drops, as exprefled in the Figure, 
FE and after being twice reflected in each Dro 
vi. at D and D, let them paſs out, the one 
at E, the other at F, by which Means they will 
de ſeparated into their homogenous Colours, 
the Violet and moſt refrangible Light being 


The Proportion therefore which the Sine of the Angle of In- 
= cidence bears to that of the Angle of Refraction, when Rays of 
any particular Colour paſs out of Air into Water, being known, 
the Proportion, which the Radius BL bears to BM, will be there- 
by determined; and therefore the Angle BLM, of which BM is 

ide Sine, will alſo be known, and therefore alſo the Angle LBM. 
& which is equal to ABQ, the Degree of Obliquity wherewith the 

: © eficacious Rays enter the Drop. But the Line BM being known, 
== the Line BN may be alſo had by the 17th Step, and therefore 
EZ alſo the Angle BLN of which it is the Sine, and therefore che 
Angle LBN too, or its Equal LEN ; and therefore alſo the 
= Complement of this laſt to two right ones, viz. KEB. If now 

* we ſubſtratt the Angle LBN out of LBM, we gain the Angle 
= EBK, and conſequently the third Angle in the Triangle EBK 
may be from hence known, wiz. the Angle BREE. Now if we 
{7 2 this, we have the Angle AKI, which was the Angle 

== 100ght, x ; 
of * If a Computation be made after this Manner with the Ratio 
of 108 to $1, or (which is the ſame Thing) that of 4 to 3, for 
. the Red Rays, the Angle AKI (that is, the Angle GAl in Fig. 82.) 
will be found 42 Degrees and 2 Minutes; and if we uſe the Pro- 
portion of 109 to 8 1, which is the Proportion of Refraction in the 

Y Violet coloured Light, the Angle AKI (or HAI in F ig. 82.) will 

be 40 Degrees 17 Minutes. And the Difference between theſe 


wo Angles (that is, the Angle GAH in Fig. 82.) will be the 
Breadih of the Bow. K ** 


$ 


R 


The conveyed 
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conveyed from the uppermoſt Drop to the Eye 
at A in the Line EV; while the Red, and lea 
refrangible, is carried from the lower one n 
the Line FR, and the intermediate Colour 
from the intermediate Drops: So that in 
this Bow the Colours will be in an inverted if 
Order, with reſpe& to thoſe of the other, 
the Red being the innermoſt in this, which! 
was the outermoſt in that. The Colours in ti 
will be more dilute than in that, becauſe the 
Rays in this ſuffer two Reflections, in that bu 
one; and the Angles, which the incident Rai 
in this make with the emerging ones, are large WY | 
than the like Angles in the other, as ſhall be 
determined in the next Note, viz. 5o Degree iſ 
57 Minutes for the Red, and 54 Degrees 7 Mi. 
nutes for the Violet; this Bow therefore is ex- 
terior to, and encompaſſes the former. F 

As to the Means by which Rays of Light 
become efficacious in the Formation of thisBow, 
it is exhibited in Figure 86, where AB, CDI 
repreſent two parallel Rays incident with ſuc 
Obliquity upon the Drop, that they ſhall crab 
each other before they reach the other Side; 
which that it is poſſible appears from what wal 
ſaid, with regard to the Progreſs of the Rai 
through the Drop XY in Figure 83. Let then 
then croſs in the Point E ſuch, that after Re. 
flection at F and G they become paralle, Wi 
ſuppoſe in the Lines FH and Gl, then tron Wi 


the Nature of the Circle it is plain, that afte 
5 * Reflectiol 
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Reflection at H and I they will croſs again, 
ſuppoſe at K, and after Refraction at V and W. 
will become parallel as at firſt. And ſuch of 
theſe as alſo enter ſo very near one another, that 
their intermediate ones may ſuffer the like Re- 
fractions and Reflections with themfelves, will 
be the efficacious ones, and exhibit the Idea of 
their own Colour, at a conſiderable Diſtance 
from the Drop. What the Obliquity is with 
| Swhich theſe muſt enter the Drops, and the 
| Angle the emerging ones of each particular 
Colour will make with their incident ones, ſhall 
de determined in the Note below (5). 


e Now 
WY (5) Fhe Progreſs of the eficaciow Rays through the Drop BH 
iS (fig: 86.) being as explained above, it is evident, becauſe the 


Angles of Incidence are every where equal to the Angles of Re- 
\C lection, that the Lines BG, GI and IW are all equal, and 
therefore the Arches BG, Gl, and IW are fo too; and likewiſe, 

wg that the Lines DF, FH, and HV are equal, and therefore alſo. 
BE the Arches DF, FH, and HV: It is alſo apparent, chat the 
Arch FG is equal to HI, therefore FG is half the Difference be- 
WF teen the Arches FH and Gl, and conſequently it is half the 
W& Difference alſo between the Arches FD and GB which are reſpec- 
BE tively equal to theſe. Nou, the whole Difference between theſe 
BE Arches is what remains when FG is taken from BD, therefore, 
BE the Remainder when FG is taken from BD is double of FG, 
de; Be conſequently FG itſelf is but one third Part of BD; for, if when 
was one Quantity is taken from another, the Remainder be double to 
V the Quantity taken away, it is plain that other muſt contain the 
BY Quantity taken away three Times. 2 | 
ne ſs Now the Rays AB and CD being ſuppoſed infinitely near one 
Re- mother, the curvilineal Spaces BED, and FEG may be conſider'd 

| a ſimilar Triangles, and therefore EG is equal to a third Part of 
alle, Ez, conſequently N (the Point where the Perpendicular LN 
om falls upon BG) teing the middle Point of the Line BG, EN ia 
afte! 
col 


equal to EG, and therefore alſo a third Part of EB. 

. f now as in the 84th Figure, the Triangles BTD and BXD be 
| formed, as alſo the Triangle NOP, NO will be a third Part of 
| . 
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Now if we imagine the Lines EA and FA 
(Fig. 85.) to revolve about the Line AI which 
paſſes through the Eye of the Spectator and the 
Center of the Sun as before, and always to 
make the ſame Angles with it at A, they will 


deſcribe the Surface of two Cones, in the larger 
of which will be ſituated the Drops that ex. 


A : 
_ 


hibit Violet, and in the lefler thoſe which 


exhibit Red. So that this Bow alſo, were it 
to appear intire, would be a compleat Circle, 
and 


BD, and NP a third Part of BX. Therefore reſuming the for:. 


mer Proceſs at the 11th Step, we may proceed as follows, 


Fiz. 

By Conſtruction | 

And by what was juſt obſerv'd 

Therefore from the three laſt 

Steps 

But by the eighth Step 

Therefore from the laſt 

Conſequently from the 14th 
and 16th Steps 

But by the firſt Step 

Therefore from the laſt 

Therefore from the 17th and 
19th 

Or by changing the Places of 
the mean Terms in the laſt 
Step 

And yon the Terms 

Therefore by comparing the 
Antecedents and Conſe- 
quents with the Antece- 
dents, we have 


But by the Figure 
And 


l 


| 


MA 
13] 
14 


is 
16 


i$| 
. 


211 


ö 


24 
9 


BM : BN: : BT: BX 


BTS MR 
BX NP 


BM : BN: : MR: 3 NP 
I: R:: MR: NP 
I: zR:: MR: 3 NF 


BM: BN: : I: 3R 
LM: LN: : I: R 
LM: zLN: : I: 3 R 
BM: BN: : LM: 3 LN 


BM: LM: : BN: 3LN 
BMꝗq: LMq:: BNꝗ: LNA 


23 | BMp + LMq: BNq: : BN 
qg LNq : Big 
BMq+LMq=BLq 

BNq + 9 LNq =BLq + 

8 LN R 


Therefore 


- A * 3 * . 2 9 — 4 4 4 y T . l ä * X 
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and the ſeveral Cones, through whoſe Surfaces 


Therefore from the three laſt j'26 5 3 : BLq+8 LN 
. B | 


' X06 
But by the Figure 27 ]BNq=BLq—LNq 
Therefore from the two laſt |28]BLq : BMq : : BLq+8LNq 
BLq—LNq | 
But by the Figure 29 BLqz=BMq+LMq 


Therefore from the two laſt 30 BL: BMq: : Blq + $ 
| LNq : BMq + LMq — 


2 LNq 
And ſubſtracting the two firſt 
a. Terms out of the two laſt | 
Terms, we have 31[BLq: BMq::8LNq : LMq 


q 
But by the firſt Step 32 LM. LN: I: R 
Therefore . | 33|BLq: BMq :: 8Rq: Ig—Rq 


Now the Proportion of I to R being known, the Proportion 
which the Radius BL bears to BM is had by the laſt Step. But 
to avoid the Confuſion which Multiplicity of Lines may oc- 
caſion, let the 85th Figure be transferred to the 87th with as 
many Lines as ſhall be neceſſary, in which let AB be the in- 
cident Ray, BG the refracted one as before. Then, becauſe the 
Proportion between BL ana BM is known, the Angle LBM may be 
had, which is equal to ABQ, the Meaſure of the Obliquity with . 
which the efficacious Rays enter the Drop; and therefore 
allo its Complement to two right ones SBL. And the Line 
BM being known, the Line BN may be had, becauſe by the 
17th Step BM is to BN as Ito 3 R, and therefore alſo the Angle 
LBN, or its Equal LGB, and conſequently BGL the remaining 
Angle of the Triangle BGL; but to this is equal the Angle 
GLH or HLV, and if theſe three be added together, and 
their Sum taken from four right ones, it will give the remaining 
Angle about the Center, viz. VLB, which being halved, gives 
the Angle SLB; but the Method of determining the Angle SBL 
was ſhewn before, and therefore LSB the remaining Angle of the 
Triangle LBS, may be bad, which Angle doubled gives the 
Angle VSB or its Equal ASY, which is the Angle ſought. 
If a Computation be made after this Manner with che Ratio 
of 103 to 81 for the Red Rays, this Angle will be found to be 
50 Degrees 57 Minutes ; if with 109 to 81, for the Violet, it 
| will be 54 Degrees 7 Minutes; and the Difference, v.z. 3 De- 
| grees 10 Minates, will be the Breadth of the Beao. | 


Vor. II. H | the 
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114 Of the Rainbow. Part III. 
the Drops as they form the Colours of it pat, 
having one common Axis A I with thoſe in 
whoſe Surfaces the Drops forming the Co. 
lours of the other Bow were placed, this will 
be exterior to, and concentric with it, and 
will therefore ſurround it, as obſerved above. 
As Rays of Light when they enter a Dry iſ 
of Water never all paſs out, but as oft as they 
impinge upon the Surface are in Part reflectel 
and in Part tranſmitted ; it is evident that ſome 
Rays will paſs out of each Drop after having 
fuftered three Reflections, ſome after four, &. 
theſe alſo will conſtitute Rainbous; but be- 
cauſe the greateſt Part of the Rays will be lo 
in ſuffering ſo many Reflections, that Rainbou, 
which is made by three Reflections, is ſcarce 
ever ſeen, much leſs ſuch as are made by 
more, Cc. a 
It is evident, that ſince the Line AI, vi. 
the common Axis of the Cones, on whoſe Su- 
faces the Colours of the Bow are formed, paſſe M 
through the Eye of the Spectator, no two Per-. 
ſons can ſee the ſame Bow at the ſame Time, 
or rather, that the Rainbows, ſeen by two Pi 
ſons at the ſame Time, are formed in diff. 
rent Drops of Rain and in different Parts al 
the Heaven. 
Accordingly, if a Perſon obſerves the Devi 

as it hangs upon the Graſs when the vu! 
ſhines, he ſhall ſee the Colours of the Bow 1 
the Drops of Dew; but as he walks along, 
the Colours ſhall remove. from Drop wy 
| | mes 
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Sometimes the lower Part of the Bow ſhall 


2 I appear upon the Ground, and the u 


Part of it not at all, and then it looks like 
a Rainbow lying along the Ground with the 
Extremities of its Legs turned upward into 
= thc Air: This is when the Sky is clear to- 
= wards the Sun, but foggy on the oppoſite 
Parts, and only to a ſmall Height from the 
Ground. | 

The Moon ſometimes occaſions the Ap- 


'Y pearance of a Rainbow after the ſame Man- 
WT nec that the Sun does, but the Colours are 
much more faint and dilute. 


And laſtly, if Water be continually thrown 
up into the Air oppoſite to the Sun, as from 


2 Fountain, and there breaks into ſmall Drops, 


the Appearance of the Rainbow will be ex- 
hibited in them, | 


== See more on this Subject in Antonius de 
8 Dominis de Radiis Viſus & Lucis; and the 
Authors referred to by Mr. Johnſon, in his 
Pbiloſoph. Qucſt. Chap. vii. Q. 45 & 46. 


H 2 
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Of the Obſcura Camera and t 3 


Magic Lanthorn. 


HE Obſcura Camera is of two Sorts, 1 

the one is no other than a convex Ley 
fixed in a Hole in a Window-ſhutter, which 
Lens, when no other Light is permitted 6 
enter the Room except what paſſes through | 
it, will repreſent all the external Objects tha 
are viſible through that Hole upon a whit: 
Paper held at the focal Diſtance of it, painted 
in their proper Colours. To illuſtrate this, 
let AB (Fig. 88.) repreſent a Window-ſhut- MM 


ter, CD a convex Lens fixed in an Hole therein, 


and Jet EF be an external Object ; then wil 


this Object emit Rays of Light of its ow I 


Colour from each Part, which paſſing througt 


the Lens, as the Figure repreſents them, wil f 
be collected into Points at GH, and being ther 


received upon a white Paper or other Su- 


face, will repreſent the Object painted in Wa 
proper Colours, which Colours will be ti: 
ſtrongeſt of all when the Sun ſhines upon i 


that Side of the Object that is next the Glak 


zut the Repreſentation will be 7zverted, be. 
cauſe the Pencils of Rays that flow from tat ; 


Object crols in the Middle of the Glaſs. 


The 


and the Magic Lanthorn. 117 
The other Sort of Obſcura Camera is that 
which is called the Portable ene, and is of 
Uſe in drawing Pictures, taking Landſkips, Cc. 
It is contrived after the following Manner, 
AIKB (Fig. 88.) is a Box, in an Hole in whoſe 
Side the Lens CD is fixed (or rather at the 
Extremity of a ſhort Tube fixed in that Hole) 
and in the Situation LM is fixed a Piece of 
8 Looking-glaſs making an Angle with the Bot- 

tom of the Box of 45 Degrees; this, receiving 

che Rays in their Paſſage to GH, throws them 
WE upwards, and cauſes the Repreſentation to be 
made in NO, which is there received upon 
the under Side of ſome thin Subſtance PQ, 
that is in a ſmall Degree tranſparent, (as thin 
Paper or Glaſs about half poliſhed) and fo upon 
opening the Box appears ready to be drawn 
or copied out. But that the Colours may ap- 

pear ſtrong, the Light, when the Box is open- 
ed, mult be kept from falling upon the Paper 
or Glaſs, as much as may be. 


The Magic Lantborn is an Inſtrument in- 
= vented by Kircher, in order to repreſent 
Objects much larger and more luminous than 
k WF they are. It is no other than a dark Lant- 
- born, in the Side of which there is fixed a 
hort Tube, and in the Tube two convex 
Lenſes, and between them a tranſparent painted 
Image of the Object we would repreſent. The 
8 alice of the Rays through the Lenfjes and 
H 3 the 


* 


218 Of the Obſcura Camera, &c. 


the Image is thus. Let A (Fig 89.) repre. 
ſent a burning Lamp placed as in a comma 
Lanthorn, and let CD, EF, be the two Ley 
laced in the Tube above-mentioned, and the 
Picture at GH. And let the Situation of the 
Lens CD be ſuch, that the Light which fl; 
upon it from the Lamp may be all thromM 
upon the Picture G H, by which means it wil 
be ſtrongly illuminated, and being tranſp- M 
rent, will throw out Rays in Plenty the oth« 
Way: Which Rays, in paſſing through the 
other Lens E F, let us ſuppoſe to be collect. 
ed into their reſpective Foc? on an oppoſite 
Wall at IK, and to form an Image there, 
Which Image will be larger than the Pie. 
ture in Proportion as the Diſtance IL is greate 
than LH; becauſe the Angles ILK and GLH 
are equal; and the Room being dark every 
where elſe, it will appear very bright, if the 
Picture be ſtrongly illuminated by the Lamp. 
And beſides the above-mentioned Apparatu, 
there is ſometimes a concave Reffecter placed 
within the Lanthorn behind the Lamp, as et 
MN, to give a ſtronger Illumination to thi 
painted Image at GH, 


The End of Part il. 
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Natural Philoſophy. 
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PART IV. 
As TRONO Mx. 


1 1— | 
Te INTRODUCTION. 


f T HE Science of Afironomy may be diſ- 
A tinguiſhed into three Parts; the firſt 
relating to the Motion of the Heavenly 
Bodies, as they really are in themſelves; the 
ſecond relating to the Phænomena or Ap- 
& pearances theſe Motions occaſion to a Spec- 
tator on the Surface of the Earth; and the 
chird to the phyſical Cauſe of thoſe Motions. 
& The two firſt of theſe, viz. the real Mo- 
tions of the Heavenly Bodies, and the Manner 
they ſeem to us to move in, are frequently the 
reverſe of each other; that Body to us ap- 
pearing to move Yeſterly, which in Reality at 
the ſame Time moves Eafterly ; and that ſeem- 
ing to tend towards the North, which is ſtand- 
H 4. ing 


120 The INTRODUCTION, 


ing ſtill, or haſtening towards the South; and 
the contrary. And becauſe the apparent Mo- 
tions of thefe Bodies depend upon their real 
ones; the Order I ſhall make Uſe of, ſhall 
be firſt to lay down their real Motions; and 
then to ſhew how the apparent ones ariſe there. 
from: After which I tha!l proceed to conſider 
the phyſical Cauſe of the real ones. But ſince the 
Generality of People are apt to form their Judg- 
ment by their Senſes only, and are loth ts 

imagine Things different from what they ap— 
pear to be; to p repar re ſuch Readers for a more 
eaſy Reception of what follows, it may not be 


amils to premiſe the following Particulars, by 


way of Introduction to this Part. 


I. Let us imagine only one great Body in 
the Univerie, placed in the midſt of infinite 
Space, lize a Ball in the Air; and then en- 
quire whether of the two following Suppoli- 
mow has the greater Probability on its Side; 

That this- Body will continue in its Place; 
ort N it will not. 

In purſuance of this Inquiry, perhaps it may 
be argued thus: Whereas no Bodies, on which 
we can make Trial, are obſerved to continue in 
their Places without a Support; neither will 
this Body remain in the Place it is put, but 
will immediately deſcend, as it were, towards 
the lower Regions of Space. 


This Argument is founded upon . Obſer⸗ 
vation 
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ation of Bodies falling to the Ground for 
ant of Support, which is not a parallel Caſe, 
Por to ſay the leaſt that may be, we cannot 
be ſure but that the Earth itſelf may be the 
Cauſe why Bodies deſcend towards it; as the 
Loadſtone is the Cauſe why Steel approaches 
it when placed within a certain Diſtance from 
it. And if fo, then, for any Thing that ap- 
Wpcars from hence to the contrary, this Body, 
$ being the only one 1n the Univerſe, may re- 
main in its Place without a Support. In ſhort, 
the Argument is juſt as if one ſhould reaſon 
thus: It has never yet been obſerved, but that 
Steel, when placed at a ſmall Diſtance below a 
Loadſtone, will aſcend upwards; therefore, by 
Parity of Reaſon, if all the Bodies in the Uni- 
W verſe were transformed into a Maſs of Steel, 
and placed alone in the midſt of infinite Space, 
that Maſs would aſcend. The Fallacy of which 
Way of arguing is ſufficiently apparent. 
= There is a much greater Probability of Truth 
in the oppofite Way, and it is more rational 
to argue thus: By all the Experiments and 
& Obſervations made upon Bodies, it does not 
appear, that any ever moves out of its Place, 
Z unleſs impelled by ſome other; or when it 
moves towards another, as in the Caſe of Bo- 
dies falling towards the Earth, or of Steel 
| tending towards the Loadſtone. Now the Load- 
ſtone is certainly ſome Way or other the Cauſe 
| why the Steel tends towards it, and therefore 


(by 


would ever ſtand till; or loſe the leaſt Pat 


122 The INTRODUCTION, 


(by Parity of Reaſon) in all Probability th, 
Earth is ſome Way or other the Cauſe why 
Bodies are diſpoſed to move towards it: An 
if ſo, then ſuppoſing all the Bodies in the Uni. 
verſe to be collected into one, it would moſt 
likely continue where it was put, without te. 
quiring any Thing to ſupport it, as having no. 
thing which might impel it any Way, or to- 
wards which it might move. This, I ſay, be. 
ing the moſt natural and eaſy Deduction we 
can make in this Caſe, ſeems to have the greatet 
Probability on its Side. And farther, 

II. Since there are no Bodies, we can make 
Trial upon, but what are diſpoſed to move to- 
wards ſome other Body, as Bodies towards the 
Earth, or Steel towards the Loadſtone, it is moſt 
probable that the ſeveral Bodies, whereof the i 
Univerſe conſiſts, would all move towards one 
another, if not prevented. 

III. Let us ſuppoſe all the Bodies in the Uni. 
verſe to be united in one, and that Body tw I 
be put into Motion. Now, whereas upon that BWW 
Suppoſition there is nothing which may ſtop or 
deſtroy its Motion, it does not appear that it 


of it. For, by all the Experiments we cal 
make vpon the Bodies about us, there ate 
none which, when put into Motion, can be 
{topped without ſome Force applied to them 
for that Purpoſe, They will em indeed t0 
ſtop of themicives, which is always owing 


10 
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o ſome Impediment. Accordingly it is found, 
at the leſs Refiſtance or Rubs Bodies meet 
with in their Way, the longer they continue 
heir Motion (a). Whence we may infer, that 
his Body, once put into Motion, would eyer 
ontinue in that State (6). 
IV. Let us now ſuppoſe that all the Bodies 
n the Univerſe are compriſed in two, the one 
pf which let us imagine to be immenſely 
greater than the other, and placed at ſome 
Diſtance from it. Theſe Bodies, if not ob- 
ructed, will (agreeably to the Concluſion made 
n Section II.) approach towards each other; 
but becauſe a little one requires proportionablyß 
ess Force to put it in Motion than a larger 
dne, the leſs will be the only one in which the 
Motion will be ſenfible, becauſe we have ſa 
Poſed the other to be immenſely greater, which 
will therefore be ſcarcely moved out of its Place 
by the leſs; juſt as it is with a Loadſtone and a 
Piece of Steel hung up by two Strings near one 
Wanother ; if the Steel be much leſs than the 
| Loadſtone, it ſhall move almoſt all the Way 
towards the Loadſtone, while that ſhall ſcarce 
Iſtir out of its Place; but if the Steel much ex- 
ceeds the Loadſtone in Bulk and Weight, the 
Loadſtone ſhall then move to the Steel, and 
dot the Steel to the Loadſtone, as in the other 
Caſe. This being granted, 


(a) See Part I. Chap. IV. 
) See more in Confirmation of this, Part I. Chap. IV. 
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Let us conceive the leſs Body, while it is 
ſome Diſtance from the larger one, to have 


ſwift Motion given it in a Direction parallel u 


the Surface of the larger Body. This Motion 
will in ſome meaſure prevent the Body fron 
approzening to that other; and the greater the 

Velocity is that is thus given to it, the long 
wiil the Time of its Approach be protracted 
thereby, and the greater Space it will mor: 
over betore it comes to the Body. The Velo. 
city therefore which is thus given to it, maj 
be fo :diuſted to the Degree of Tendency i 
has towards the che du, that it ſhall more 
quite round it without ever touch! 7 it, its 
turning to the ſame Place where it was when 
the Motion was at firſt given it. In this Cafe 
if it meets with no Oppoſition, it will move 
round it in the fame Path over and over again, 
not unlike to a Stone whirl'd round the Hand 
in a Sling (c). And as a ſmaller Body may 
continually move round a larger in this Man. 
ner, ſo may ſeveral leſs ones move round the 
ſame larger one at the ſame Time, provided 
the Diſtances of the leſs ones from each 
other be ſo great, that their mutual Tendencies 
towards each other do not diſturb their Mo- 
tions (4). 

(c) See this explained more at large, and illuſtrated, Part]. 


Chap. VIII. 
(a) For the ſame Reaſon that the ſeveral ſmaller ones terd 


towards tne larger, they will alſo tend one towards another, 
by: with leſs Force, in Proportion to their Smallneſs. Thi 
id 
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& This is the Caſe of the Planets and Comets 
Vith reſpect to the Sun, which is a Body im- 
menſely greater than any one of them, placed as 
lit were in the midſt of an infinite Space, and 
round which they perform their reſpective Re- 
Evolutions at different Diſtances from it (e). 


As to what we call the Sky, in which 
he Heavenly Bodies ſeem as it were fixed, 
it is no real Subſtance, but mere empty Space. 
The Reaſon why it appears to be a Subſtance, 
Wis as follows. Was there no Atmoſphere ſur- 
W rounding the Earth (7), whoſe Particles might 
WF iclicct other Rays of Light to our Eyes, than 
E thoſe which come directly from the Sun, all 
Parts of the Heavens, even in Spite of Sun- 
ſhine, would be quite dark; and the Stars 
in, WF (-) This Doctrine being allowed, we may ſee the Poſſibility 


oe Earth being habitable quite round: For, if Bodies are 
wn diſpoſed to move any otherwiſe than as they tend towards 


1] WS tome other, there can be no more Danger of our Antipodes fall- 
g ing from the Earth, than there is of our riſing up into the Air. 
And as to their walking with their Heads downwards with re- 
he ſpect to us, there is neither Inconvenience, nor ſeeming Odd- 
ſed ness to them in that; for firſt, their Feet are turned towards 


che Surface of the Earth on which they walk, as well as ours 
ate; and ſecondly, ſince both the Heavens and the Earth, which 
are the only Things they can judge of their Situation from, 
bare the ſame Poſition with reſpect to their Bodies, when they 
F itand or walk, that they have to us in the like Caſe, their Poſt - 
uon cannot ſeem otherwiſe to them than ours does to us; for 
a Man cannot tell which Way his Feet are turned, any other- 
wiſe than as his Judgment is directed by the Things about him ; 
Juſt as one cannot diſtinguiſh North from South in a ſtrange 
Place, without a Compaſs, or ſeeing either the Sun or Stars. 
J)] See the Nature and Conſtitution of the Atmoſphere ex- 
Flained, Park IT, Chap. III. | 


tend 
Ig 


wi would 
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ing to ſhew the Poſſibility, and in ſome Degte: 
the Probability, of them. | 


Bodies move 1n, and their reſpective Diſtance 


firſt Chapter, 
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would be viſible at Noon-day (g). But ſing 
the Atmoſphere of the Earth abounds with Pa. 
ticles capable of reflecting Light every Wy, 
ſome of it will fall upon our Eyes, to whatev 
Part of the Heavens they are directed. Thi 
Light, as all other, gives us the Idta of fone 
Colour. Having an Impreſſion of Colour upon 
our Minds, our Imagination preſents us with 
Subſtance for it to inhere in: Juſt as, when 
Man views an Object in a Glaſs, the Light re 
gularly reflected gives him an Idea of the Co. 
lours of that Object duly ranged; but it is hi 
Imagination that forms the Image he thinks he 
ſees. 


Thus much by way of Introduction; which Ml 
muſt not be underſtood as containing all thei 
Reaſons for theſe Things; but only as tend 


That which will be delivered afterwards i 
wool we treat of the Phyſical Cauſes of tie 
otions of the Heavenly Bodies, will ſet ths 
Doctrine in a clearer Light, and abundantly 
evince the Reaſonableneſs of it. Proceed wi 
in the mean Time to conſider the Order thelt 


from the Sun, which makes the Subject of the 


(z] See Chap. XIII. 8 EI 
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SECT. I. 


Of the Heavenly Bodies, and their real 
Motions. 


CHAP. I. 


\HE Sun is a Body of prodigious Mag- 
nitude, ſituated in the midſt of an un- 
bounded Space, and the Fountain of Light 
and Heat to a certain Number of Planets and 
Comets, which continually niove round it (a) : 
All theſe, taken together, make up what is 
called the Solar Syſtem. 
Ss The Planets are in Number fixteen ; fix of 
which are called Primary ones; the other ten 
are diſtinguiſhed by the Names of Secondary 
ones, Moons, or Satellites. 
The Primary Planets are Mercury, Venus, 
the Earth, Mars, Jupiter, and Saturn. They 
rad ¶ revolve about the Sun at different Diſtances from 
the |} moving from Welt to Eaſt (5), in Orbits (c) 


W (a) The Sun itſelf is not abſolutely at Reſt, but is ſubject to 
a very {mal! Degree of Motion, which ſhall be confider'd when 
| Sing of the Phyſical Cauſes of the Motions of the Hezvenly 
bodies. 
(5) When any of the Heavenly Bodies are ſaid by Aſtrono- 
mical Writers to move from Weſt to Eaſt, and from Eaſt to Weſt, 
it is always to be underſtood by way of the South. So that by 
the latter Expreſſion is meant the ſame Way that the Sun ap- 
pears :o move in its daily Courſe, by the ſormer is intended the 
contrary, 
e) By the Orbit of a Planet is meant the Way or Path it de- 
[cries in moving round the Sun. 


—— 


nearly 


directly within each of them, and nearly in the 
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nearly circular, having the Center of the gun 


Middle; and they are not coincident one uit 
another, but every one has about one Half alittle 
above, and the other Half a little below each of 
the reſt. Or, to expreſs it in the common Way, 
the Planes (4) of their Orbits paſs through the 
Center of the Sun, and are ſo ſituated, tha 
they make but ſmall Angles with each other. 

Figure the firſt repreſents the Solar Syſlen 
wherein the Point S is deſigned to denote the 
Center of the Sun; the Circle A B the Or. 
bit or Path, which the neareſt Planet Mercur 
deſcribes in moving round it; C D, that in 
which Venus moves; F G, the Orbit of the 
Earth; HK, that of Mars; LN, that of Ju 
piter; and OP, that of Saturn (e). Theſe Bo- 
dies, as they move round the Sun at very dif- 


| 

( 

* ferent] - 

8 

(a4) The Plane of an Orbit is the Space included therein. i 2 
Thus, if the Curve Line A DBE, in Fig. II. repreſents 2 f 
Orbit, the Surface of the Paper within that Curve repreſent J 
the Plane of that Orbit. Or, in other Words, the Plane of tht - 


Orbit of a Planet is a flat broad Space, out of which the Plas 
net never ſtrays. 

(e) That the Sun is at Reſt, and that the Planets move round 
it as deſcribed above, is an Opinion received of old by Phils 
laus, Ariſlarchas of Samos, and the whole Sect of the Pythapt 
reans. The Egyptians were early Obſervers of the Heavens, a! 
from them probably this Notion was received in Greece ; ti! 
the Notion of the Earth ſtanding ſtill in the Center, and the whole 
Heavens revolving round it, was generally received and defended 
till the Lime in which Copernicus flouriſhed, wiz. about the Ye; 
1500, who reſtored the ancient Aſtronomy, and ſhewed 1 


ſo clear a Manner how the Appearances of the Heavens mip 
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ſerent Diſtances, the true Proportion of which 


is nearly repreſented in the Scheme, ſo they 
i perform their reſpective Periods in very dif- 
e ferent Times; viz. Mercury in about three 
i Months; Venus in about ſeven and a Half; 
þ the Earth in a Year ; Mars in about two Years; 
6 


upiter in twelve; and Saturn in not much 
leſs than thirty. And as they differ in their 
Periods, ſo they do ſurpriſingly in their Mag- 


be acounted for by it, that it became generally received, and 
from him was called the Copernican Syſtem. 


Urs There are two other Hypoth-ſes of Note, wiz. the Ptolemaic 
ur) and the Tychonic. The Ptolemaic is fo called from Ptolemeus, 
= E Math: matician of Pelufium in Egypt, a great Defender of 


this Hypotheſis, He ſuppoſes the Fixed Stars to be ſtuck in the 
Firmament as they appear to the Eye; the Earth in the Cen- 
ter, round which he ſuppoſes the Moon to revolve; and at a 
greater Diſtance, Mercury; at a greater ſtill, Venus; at a greater 
than this, the Sun; at a ſtill greater, Mars; then Jupiter; 
then Saturn; and beyond all, the Firmament with the Fixed 
Stars; all in the ſame Time they appear to move round us. 
This Hypotheſis was excellently well adapted to amuſe the Vul- 
gar, the Motions of the Sun and Planets being repreſented by 
it much after the ſame Manner as they appear to Senſe. But 


tereill 
: ſince by the Help of Teleſcopes it has been diſcover'd, that 


nts al 


reſenu Vent puts on different Phaſes, like the Moon, the Reaſon of 
of theft Viich will be ſhewn in Chap. VI. this Hyporleft is entirely laid 
ve Plas alide, as inconſiſtent therewith. 


The Tychonic Hypotheſis has its Name from Tycho Brabe, a Da- 
1% Nobleman. This Philoſopher ſuppoſes that the Earth 
; Phi ſtinds ſtill, and that as the Sun moves round the Earth, the 

Planets move round that, juſt as the Secondaries move round 
s, ani their Primaries in the Solar Syſtem laid down above. There 
e; hoy 15 another Hypotheſes called the Semitychonic, and differs from the 
former only in this; that whereas that makes the Earth ſtand 
flill, and the Sun with the Planets to move r6und it every 
ay; this gives the Earth a diurnal Motion round its Avis, and 
owed i! only ſuppoſes the Sun, with the Planets revolving about it, 10 
ns mige move round the Earth once a Year, | 


You, II. 1 nitudes, 
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nitudes. For ſuppoſing the Circumference of 
the Sun to be repreſented by a Circle of ten 
Inches in Diameter, the ſeveral Circles Q. V, 
W, X, V, Z, would neatly expreſs thoſe of the 
Planets, Mercury, Venus, the Barth, Mars, 
Jupiter, and Saturn, reſpectively (J). 

Theſe Planets have no Light of their own; 
for when viewed through a Teleſcope, the Side 
only next the Sun is obſerved to be enlightened. 
They are alſo of the Form of a Globe; for 
one Edge of the ſhining Part ſometimes ap- 
pears hollow, ſometimes ſtrait, and ſometimes 
convex, according as the Planet is ſituated with 
regard to the Spectator and the Sun; which it 
could not do, unleſs they were of that Form (g) 
' Farther, the Planets. do not only move about 
the Sun, as we have obſerved, but turn alſo 


about their own Axes (5) at the ſame Time, 
and 


J) Their Magnitudes, Diſtances, Times of Revolution, with 
their Rotation about their Axes, are more accurately expreſſed in 
the following Table. 


- ae ed. A EPL 
EO N * a * * * * * * by 2 
UNITE mee 


Diameter Dif. from the Periodical Times, Rotation about 
in Engl hun in Engl their Aves, 
Miles. Miles. Pays. H JM SID]JHIMIS 
The Sun | 763,460 25] 6 | 1 
Mercury 4,240] 42,000,000 8722 |15]52:inot diſcovered, 
Venus 7,906] $54,000,000 224 116]40]24jcr[243[16] 0 
The Earth 7,970 8 1,000,000 265 6| 9]14i-0[23[56] 4 
Mars 4, 404] 123,000,000 686;27127]3oſoc}24140] 0 
Jupiter $1,155] 424, ooc, occ 4,332 15 z2002z ; EO 9155154 
Saturn 67, 870 777,000,000} 10,759! bizb|zbinot k non. 


(2) See the Reaſon why one Edge of the ſhining Part of a 
round Body appears ſometimes ſtrait, ſometimes hollow, ſome- 


times convex, largely explained Chap. VI. 
(hb) By the turning of a Planet about its Axis is meant, its turn 


ing about any two Points in its Su face, 


that are oppoſite to one 


another; 


Ul 
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and the ſame Way they do about the Sun, viz. 
from Weſt to Eaſt. As the former of. theſe 
& Motions is generally compared to the revolving 
W of a Stone in a Sling about the Hand, this lat- 
ter may be compared to the ſpinning of a Top, 
W or the turning of a Wheel upon its Axle-tree.. 
The Sun itſelf is not exempt from a Motion of 
this latter Kind. 

This Motion of the Sun and ſome of the 
Planets about their Axes 1s diſcoverable by cer- 
E tain Spots, or diſtinguiſhable Parts on their Sur- 
faces; which appearing firſt on one Extremity 


hoc their Diſks (2), do by Degrees come forwards 
it WF towards the Middle, and fo paſs on till they 
. each the oppoſite Edge thereof, where they dil- 
it appear; and after they have lain hid about 
ſo che fame Space of Time that they continued 
e, iäble, they, appear again as at firſt, By the 
1d Motion of theſe Spots paſling in a right Line 


over the Diik cf a Planet, or riſing upwards 
one Half of the Way, and deſcending the 


another; and an imaginary Line, ſuppoſed to be drawn thro' 
the Placet from one of thoſe Points to the other, is, while the 
Planet moves about thoſe two Points, called its AR. Thus if 
tie Reader holds a Ball between his Finger and Thumb, and 
turns it round, a Line ſuppoſed to paſs through it from Finger 
% Thumb, will in Atronomica! Language be the Axis of that 

Ball. And if he takes it up by two other Points, and turns A 
then will a Line Paiung thro” thoſe other Points become its At.. 

) This is a Term uſed by Aſtronomers for the Face of the 
un, Moon, or other Heavenly Body, when it is conſidered as 
a flat round Surface, as it appears to be: And the Breadth of 
. 1 8 to be divided into twelve equal Parts, which they 
Ul Digits. 


one 12 other 


wt 
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other Half, the Situation of the Planet's 4A 
about which it turns with reſpect to us, is evi. 
dently diſcovered. Theſe Spots are very viſibl 


| 
on the Surface of the Sun, Venus, Mars, and | 
Jupiter; but by reaſon of the Nearneſs of My. | 


cury to the Sun, and the great Diſtance of 
_ Saturn from us, no Obſervations have been 
1 made that could diſcover any Spots in them, 
| ſo that it is uncertain whether theſe Bodies 
0 revolve about their Axes or not. As to the 
, reſt, the Times in which they thus revolye are 
i expreſſed above in Note (/) in Page 10. and 
l the Inclination of their Axes in the Note 
| below (E). 

In Jupiter, beſides his Spots, there are ſe- 
veral broad Spaces running parallel to each 
other, called his Belts. Theſe, as alfo hi 
Spots, are obſerved to undergo ſeveral Changes, 
neither keeping the ſame Magnitude nor Dif- 
| tance from one another. And ſome of his 
Spots have appeared only for a Time, 

As to the Spots of the Sun, they are ſub- 
| ject to much greater Variety of Changes. Nev 
* ones appear, and old ones vaniſh, others ſuc- 
| ceeding in their Room; ſeveral ſmaller ones 
if run together, and form one larger; and larget 


MM _=X Wc. a dt. AS Bios ee 


(4) The Inclination of the Axis of the Sun to the Plane in 
which the Earth moves, is ſeven Degrees, and a Half; that 
| of Venus to the ſame Plane fifteen Degrees, according to ®" 
Obſervation of Signor B/anchini's at Rome in the Year 172 6 
| the Earth's 23 Degrees and 29 Minutes; and Mars and Ju- 
Ziter's are nearly at right Angles with their own Orbits. 


- 


ones 
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ones ate ſometimes divided into ſmaller (7). 
However, ſeveral have remained on the ſame 


Part of its Body long enough to determine the 
Time of its Motion about its Axis. See Note 


a Jin Page 130. 
: In the Beginning of this Chapter it was 
| We obſerved, that the Planets move round the 
bon in Orbits nearly circular, and in Planes 
„croſſing each other in ſuch Manner, as to make 
„very ſmall Angles with each other. As to 
ache Form of their Orbits, they are Ellipſes (m), 
e having one of their Focz (7) in the Center of 
the Sun. They differ very little from Circles, 
* or, to ſpeak properly, their Excentricities (o) bear 
ich 


(1) We learn from Hiſtory, that the Sun has wanted its uſual 
Brightneſs, ſhining with a dim and obſcure Light for a Year to- 
es, gether. This was probably owing to its being in a great mea- 

{are covered with Spots; for now there are ſometimes Spots ſeen 
| upon it, that are larger than the Surface of the whole Earth. 

(n) An Ellip/e is a Figure like an Oval; but ſtrictly ſpeak- 
ing, a Geometrical Curve, made by the tranſverſe Section of a 


AY Cone or a Cylinder, But the Nature of it may be underſtood 

from the following Deſcription. Stick up two Pins at F and 
New (fig. 2.) over which put a Thread, both Ends being tied 
ſuc⸗ together; then with a third Pin at P, within the Thread, keep- 

Ing it upon the Stretch, deſcribe the Curve AD BE, which is an 
ones Ellipſe. And if we make Uſe of the ſame Thread, but in- 
get creaſe or diminiſh the Diſtance between the Pins, the Figure de- 


ſcribed will fill be an Ellipſe, tho' of a different Kind. And 


ane iN when the Pins are brought cloſe together, the Figure deſcribed 
wat degenerates into a Circle. 


to a0 {z) The Points F and G, where the Pins were fixed, are called 


1726; the Foci of the Ellipſe, and the middle Point berweeu them the 
1 Ju- Center, 


() The Diſtance between the Center and either of the Foci 
ones: il the Excentricity, 


T3 a very 
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a very ſmall Proportion to their longer Axe, \ 


And as to the Situation in which their Plans 
he, it is in all nearly the ſame with that g 
the Earth's Orbit. See the Excentricities d 
their Orbits, and their Inclinations to that of 
the Earth's, in the Notes (9) and (r). 
The Primary Planets are again diſtinguiſhed 
into two Kinds, viz. Inferior and Superim, 
thoſe which are nearer the Sun than the Earth 
is, as Mercury and Venus, are called the Ii 
710r Planets; the others the Superior ones. 


— r 


a - 
s. * 
1 


- 
OS 4 8g 8 1 SIS 24k x 3 * — Pp 
— a eee . 


The Secondaries are conſtant Attendants d 
the reſpective Primary ones to which they be 
long, revolving round them, while they then. 
ſelves move round the Sun. Of the Primay 
Planets there are only the three largeſt, as f 
as the Obſervations of Aſtronomers have beet 
able to diſcover, that have their Secondartk; 
VS. the- Earth, Jupiter, and Saturn. 


(p) The Line AB, which paſſes through the Foci, and is ter 
minated at each End in the Ellipſe, is called the /onger 4x: 
The Line DE, which paſſes through the Center of the Elli 
in a Direction Perpendicular to the former, and is terminate 
by the Sides of the Ellipſe, is the /orter Axis 

() The Excentricities of the ſeveral Orbits of the Plane 
are as follow: Suppoſing the Diſtance of the Earth from Lit 
Sun 1000 equal Parts, the Excentricity of Mercury's Ort 
about 80 ſuch ; of that of Veuus 53 of that of the Earth 1 
of Mars 141; of Jupiter's 250; and che Exceutricity of Saturn 
Orbit 247. al 

(r) Their Inclinations are as follows: wiz. The Orbit of tit 
Planet Mercury is inclined to that of the Earth 6 Deg 
54 Minutes; that of Venus is inclined to it 3 Degrees, 24 5 
nutes; that of Mars, 1 Degree, 51 Minutes; that of Ju f 
but 1 Degree, 19 Minutes; and that of Saturn, 2 Degrees a 

33 Minutes. Th 
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the Moon. 


meters of 
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The Earth is attended but by one, which is 
This Secondary revolves round the 
Earth from Weſt to Eaſt in 27 Days, 7 Hours, 


asd 43 Minutes, at the Diſtance of about 60 


gemidiameters and an Half of the Earth from 


its Center (6); and performs its Rotation about 


its Axis, which 1s nearly perpendicular to the 
Plane of the Earth's Motion, in the ſame Time 
and the ſame Way that 1t revolves about the 
Earth. 

The Planet Jupiter has four Moons, which 
revolve about it at different Diſtances and 
in different Times. The innermoſt performs 
its Revolution in about one Day and eighteen 
Hours, nearly at the Diſtance of fix Semidia- 
Jupiter from its Center; the ſe- 
cond revolves about it in about three Days and 
an Half, at the Diſtance of about nine ſuch 
Semidiameters; the third in about ſeven Days, 
at the Diſtance of 14 Semidiameters; the 
fourth and outermoſt Satellite requires almoſt 
17 Days to perform its Courſe in, and is diſtant 


from its Center 25 Semidiameters nearly (7). 


Saturn 


% The Excentricity of the Moon's Orbit is about 3, 3 of the 
Semidiameter of the Earth; ard its Inclination to that of the 
Earth is 5 Degrees and 18 Minutes. The Reaſon that the 
Moon appears ſo large, and to outſhine all the other Planets, 
wo Primary and Secondary, is, becauſe of the Smallneſs of its 

iſtance from us in reſpect of theirs; for had it been as far re- 
gag from us as ſome of them, it had never been ſeen at all 

„%) More accurately as in the following Table. 

14 Satell. 
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Saturn has no leſs than five Satellites: The 
firſt and innermoſt revolves about it in one Day 
and 21 Hours, at the Diſtance of about 5 Se- 
midjameters and an half of Saturn from itz 
Center; the ſecond performs its Courſe in two 
Days and 17 Hours, at the Diſtance of 6 Se. 
midiameters and a Quarter; the third in about 
4 Days and a Half, and is diſtant from it about 
8 Semidiameters and 3 Quarters; the fourth 
compleats its Period in about 16 Days, at the 
Diſtance of 20 Semidiameters; the fifth and 
outermoſt requires about 79 Days to perform a 
Revolution in, and is 59 Semidiameters of Ss. 
turn diſtant from its Center (u). 

Theſe Satellites, as alſo thoſe of Jupiter 
perform their Revolutions about their Prima. 
ries from Weſt to Eaſt, as their Primaries do 
about the Sun. 

The Orbits of the Secondary Planets are 
expreſſed in Fig. 1. by the pticked Circles; 


Satell. Periodical Times. Diſt. in Semid. 
D. H. M. S.] of Jupiter. 
11182734] 65.667 
31131342 9.017 
713420360 14384 
51161329 23,299 


% More accurately as in the following Table. 


| 
| 


+ 6 td. = 


Satell.Periodical Times. Diſt. in Sem. of 
D. H. M. S. | Saturn's Ring. 

3 \3- 41 211 16-187 2,10 

z 2174122 2,69 

3 4| 12] 25 12 375 

4 1512214114 8,70 

5 179107148] of 25335 
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that of the Moon at E, thoſe of the Sa- 
Vellites of Jupiter at I, and thoſe of Saturn at 
BT. the Centers of the Earth, Jupiter and 
Paturn being ſuppoſed to be in the Points E, 
, and T reſpectively. 

As to the Orbits of the Satellites of Jupiter 
Ind Saturn, Aſtronomers have not obſerevd 
mat they differ from Circles; and whether 
Wheſe Secondaries revolve round their Axes or 
Wot, has alſo not been diſcovered (x). 

The Secondaries are alſo Bodies having no 
Tight of their own, being obſerved to be 
Seclipſed as oft as they enter the Shadows of 
heir Primaries. 

= Beſides its Satellites, Saturn is alſo encom- 
Epaſſed with a flat broad Ring, not unlike the 
Verge of an Hat, but it no where touches the 
Body of Saturn, the Space between it and 
Paturn being equal to the Breadth of the Rim. 
he Diameter of the Ring meaſuring acroſs 
From one Outſide to the other, is to the Dia- 
neter of Saturn's Body as 7 to 3 (y). a 
The Form of the Ring encompaſſing the 
Body of Saturn, is expreſſed in Fig. 1. at RR. 


ei) The Orbits of Jupiter's Satellites lie almoſt in the ſame 
lane in which Jupiter himſelf moves round the Sun; but thoſe 
f Saturn deſcribe their Orbits nearly in the Plane of the Ring 
Produced, except the fifth, the Situation of whoſe Orbit de- 
lates a little therefrom, See the Inclination ot the Ring in 
e next Note. 

0) The Ring, according to Meſſieurs Rozmer, Picard, and 
„„ is it chned to the Orbit of the Earth 31 Degrees: But 
We e affirms it to be ncariy parallel to the Plane of the 


* Ju Or. 
The 
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The Comets revolve alſo round the Sun 
Orbits, whoſe Planes paſs through its Center: 
but they are not confined to any particular . 
rection, as the Planets are, {ome moving on 
Way, and ſome another: Their Orbits are « 
a very elliptical or oval Form, fo that ths 


12 


Lengths vaſtly exceed their Breadths; and ths 10 
lie not nearly in the ſame Plane, like thoſe d 
the Planets, but admit of any Inclination u 
one another. But more of theſe in anoth« u 
Place (S). A Portion of the Orbit of a Com 
is expreſſed in Fig. 1. at abcd (a). Ne 
That WA 0 
(z) Chap. XI. | | | * 
(a) The Claim which the Syſtem here laid down has to: of 
Preference to all others, will appear from the following Cori c| 
derations. | * 
I. The Planet Venus moves round the Sun, and not round ir 
the Earth. For through a Teleſcope it ſometimes appears wit 
a bright and round Face like the Full Moon, and ſometins P 
horned like the New Moon; (ſee Chap. VI.) and when it iy te 
pears full, it is ſeen near the Body of the Sun, as well as whe f 
it appears horaed : Which Things could not be, did it mon y 
either round the Earth alone, or round both the Sun and tl: t 
Earth, or round neither of them. For did it move round tht 5 
Earth alone, or round both the Sun and the Earth, it mut e 
ſeen ſometimes ia that Part of the Heavens which is oppoſite t J 
the Sun. Did it move round neither the Sun nor the Earth, t 
could not appear both horned and full when it is ſeen near it ) 
Body of the Sun: It remains therefore, that it revolves round C 
the Sun, and not round the Earth. Its Orbit therefore, age 
ably to the abovementioned Syſtem, includes the Sun, and | 


within the Orbit of the Earth. 

II. In like Manner we are aſſured, that Mercury turns roun 
the Sun in a leſſer Orbit than that of Vu, becauſe it puis on 
ſame Phaſes with Venus, and is never ſcen ſo far from the duns 
that Planet is. 1 


SGN >> 2. 
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Thoſe bright and ſhining Bodies, which be- 
ſides the Planets and Comets are diſperſed 
| every 


III. The Orbit of Mars includes both the Earth and the 
un; and the Earth is not in the Center thereof. For this Pla- 
net is capable of appearing oppoſite to, or in any other Situa- 
tion in reſpect of the Sun; which it could not be, unleſs it 
W moved round the Earth: And it always appears full, or nearly 
W {; which it could not do, if it ever came between the Sun 
and the Earth. It moves therefore alſo round the Sun. And 
W farther, when Mars is in the oppoſite Part of the Heavens to 
the Sun, it appears about five 'Times larger than when it is near 
the Sun ; which ſhews that it is ſo many Times nearer the Earth 
in one Situation than in the other: The Earth therefore is not 
in the Center of its Motion. All which is agreeable to rhe Syſ- 
tem above laid down. 

IV. Since the like is obſervable both of Jupiter and Saturn, 
W (though, by reaſon of their greater Diſtance from the Sun and 
us, the Diverſity in their apparent Magnitudes in different Parts 
of their Orbits is not ſo great as in Mars) it is reaſonable to con- 
clude, that theſe Planets alſo have both the Earth and the Sun 
within their Orbits, and that rather the Sun than the Earth is 
in the Center of the ſame, | 

V. Since then the Earth is placed within the Orbits of the 


. 


© BS Planets Mars, Jupiter, and Saturn, theſe Planets cannot appear 
P to us to ſtand ſtill or to go backward, as Obſervation ſhews they 
et 


ſometimes do appear, unleſs the Earth moves: And fince, as 
we have ſhewn, the Planets Venus and Mercury revolve about 

the Sun, and not about the Earth; fince likewiſe the Earth is 
placed between the Orbits of Mars and Venus, and the Perio- 
dical Time of the Earth, if it does move, is, in point of Du- 
ration, between the Periodical Times of thoſe two ; it has been 
thought reaſonable to ſuppoſe that the Earth revolves in like 
Manner about the Sun, as the Planets do, and is therefore reck- 
oned in the Number of them. | 

VI. But what wonderfully confirms this Concluſion, is, that 
Harmony which apon this Suppoſition runs through the whole 
Solar Syſtem ; wiz. that the Motions of all the Planets, both Pri- 
mary and Secondary, are governed and regulated by one 
and the ſame Law ; which is, that he Squares of the Periodical 
Times of the Primary Planets are to each other, as the Cute: 
of their Diſtances from the Sun; and likewiſe the Squares of 
the 
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every where throughout the Heavens, are t 
Fixed Stars. They are termed fixed, becy, 
they are obſerved to keep the ſame Diſtan 
from each other in all Ages, having no Moti, 
like that of the Planets or Comets, Thy 
are far removed out of the Solar Syſtem, nj 
ſhall therefore be conſidered in a Chapter by 
themſelves. 


the periodical Times of the Secondaries of any Primary are to ex 
other, as the Cubes of their Diflances from that Primary, Noy 
the Moon, -which in the Syſtem above laid down is a Secondary 
of the Earth, in the other Hypotheſes is a Primary one; and 
the Rule cannot take Place; becauſe her Periodical Time, cor. 
ſidered as that of a Primary one, does not agree therewith, 
Whereas, according to the other Suppoſition, the Motions of th 
Heavenly Bodies, as we ſhall ſee in its proper Place, are to be 
accounted for with the greateſt Simplicity ; and a regular and 
beautiful Fabrick is thereby exhibited, worthy its divine Ar. 
chitect. 

By the Square of the periodical Time of a Planet is meant 
the Time it takes up in revolving about the Sun, or about it 
Primary, multiplied by itſelf once ; and by the Cube of its Di. 
tance is meant its Diſtance multiplied by itſelf tavice. Thus i 
the Time a Planet moves once round its Orbit in, be 30 Year, 
then zo Times zo is the Square of its periodical Time: And it 
the Diſtance of a Primary Planet from the Sun, or of a Second- 
_ ary from its Primary, be 81 Millions of Miles, then $1 Millions 
multiplied by 81 Millions, and that again by 81 Millions, wil 
expreſs the Cube of the Diſtance of that Planet. 


CHAP 
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CHAP. IL 
Of the Fixed Stars, 


HE Fixed Stars are thoſe bright ſhining 
| Bodies, which, beſides the Planets and 
comets, are diſperſed throughout the Heavens: 
WT hey are termed fixed, as appearing always at 
the ſame Diſtance from each other. 

lit is obſervable of the Fixed Stars, that, when 
viewed through a Teleſcope, they appear only 
Baz mere Points deſtitute of all ſenſible Mag- 
nitule. This is ſuppoſed to be owing to their 
ery great Diſtance from us. That they ap- 
pear larger to the naked Eye than with a Te- 
fleſcope, is aſcribed to that Irradiation or Bright- 
neſs which is obſerved to ſurround (ſhining Bo- 
dies when ſeen in the Dark, and which the 
Teleſcope takes off (a). 

From their ſhining with ſo ſtrong and ſpark- 
ling a Light, when at the ſame Time they are 
ſo far off that through a Teleſcope they ap- 
pear as mere Points, is inferr'd, that they ſhine 


| (a) That the Stars would appear of no ſenſible Magnitude to 
the naked Eye, were it not for that Irradiation, or Brightneſs, 

mentioned above, is confirmed from their being obſerved to 
{ evinkle ; which the Planets and other Bodies of ſenſible Mag- 
nitude do not. The Reaſon of their 7wvin4/ing is, that the leaſt 
Particle of Duſt or Vapour paſſing between the Eye and them 
I capable of intercepting their Appearance for a Time, which 
in larger Bodies it is not. 


with 


* * 
* 
5 
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with their own proper and unborrowed Light 
For if they borrowed their Light, they would 
be inviſible to the naked Eye, ſince the Sate. 
lites of Jupiter and Saturn, which appear of 
very diſtinguiſhable Magnitudes through a Te. 
leſcope, are ſo. 

There is another remarkable Circumſtance 
relating to the ſtarry Heavens; that the better 
Teleſcopes we make Ule of, the more Stars ap- 
pear : From whence it is thought, that all the 
Fixed Stars are not placed at equal Diſtances 
from us, but that they are every where inter- 
ſperſed at great Diſtances beyond one another 
throughout the Univerſe; and that probably 
the different Appearances which they make in 
Point of Splendor and Magnitude may be n- 
ther owing to their various Diſtances from us 
than to any Difference in their Magnitudes. 

The Diſtance of the neareſt Fixed Star is 
computed to be at leaſt 0 Thouſand Millions 
of Miles from us; and their Magnitude 1s 
judged to be ſuch, that if they were as near u 
as the Sun is, they would not appear unlike 


it (6). 


"1 appearing under various Magnitudes 
has given Occaſion to a Diſtribution of them 
into ſeveral Orders or Claſſes : Thoſe which 


appear largeſt, are called Star, of the fir 


(2) The Method of computing the Diſtance of the Fixed Stat! 
is thewn in Chap. V. I 
Mogmtuat; 


N. 
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lgnitude; thoſe which are neareſt to them 
n Luſtre are reckoned of the ſecond Magni- 
ade; and ſo on, till we come to the leaſt Stars 
hat are viſible to the naked Eye, which con- 
tute the laſt Claſs, and are ſaid to be of the 
xth Magnitude. For ſuch as are to be ſeen 
Paly by the Help of a Teleſcope, are not in- 
uded in thoſe fix Claſſes, but are diſtinguiſnhed 
y the Name of Teleſcopic Stars; the Diſtribu- 
jon of the Stars into Claſſes being made long 
before the Teleſcopic ones were diſcovered. But 
e are not to underſtand from hence, that all 
he Stars which are viſible to the naked Eye, 
are reducible to ſome one of theſe Claſſes pre- 
iſely; for there are ſcarcely two Stars to be 
ound exactly of the ſame Size: They are only 
o be ranked in that Claſs, to which their 
agnitude and Luſtre gives them the juſteſt 
laim. 
There is alſo another Diſtribution of the 
Ptars into Conſtellations. The Ancients, that 
hey might the better diſtinguiſh the Stars with 
egard to their Situation in the Heavens, divided 
dem into ſeveral Afleriſms or Conſtellations, 
nat is, Syſtems of Stars, each Syſtem con- 
iſting of ſuch as are near each other. And to 
liſtinguiſn theſe Syſtems from one another, 
ney gave them the Names of ſuch Men or 
hings as they fancied the Space they took 
p in the Heavens repreſented, or of thoſe 
oſe Memories, in Conſideration of ſome no- 


table 
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table Exploit, they had a Mind to tranſmit to 
future Ages. 

Beſides the Stars contained within theſe Con. 
ſtellations, there are ſome others, which fo 
that Reaſon are called Informes. Of theſe th; 
later Aſtronemers have made ſome new Con. 
ſtellations. | 

There is alſo a Diviſion of the Heavens in. 
to three Parts; viz. 1. The Zodiac, or tha 
Portion of the Heavens in which the Planet 
would appear to move to an Eye placed in 
the Sun. The Breadth of this Space depend; 
on the Inclination of the Orbits in which the 
Planets move to one another, and include 
twelve Conſtellations, commonly called the 
Signs of the Zodiac, viz. Aries, Taurus, Ge 
mini, Cancer, Leo, Virgo, Libra, Scorpio, Sa- 
gittarius, Capricornus, Aquarius, and Piſces: 
And becauſe moſt of theſe are Animals, that 
Space is called the Zodiac. 2. All that Re. 
gion of the Heavens which lies on the North 


Side the Zodiac, which contains twenty-one: 


Conſtellations: And, 4. That on the Southern 
Side, which contains fifteen. 


There is a remarkable Tract that goes quite" 
round the Heavens, called the Milky Way: 1; 
This Space has a peculiar Whiteneſs, occaſion en 
by an Infinite Number of ſmall Stars therein... 
none of which are to be ſeen diſtinalyF: - 
without a Teleſcope, yet conſpire to rende[” 


that Part of the Heavens, where they are, much 
more 
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more luminous than the reſt. This Tract is in 
ſome Parts fingle, in others double (a). 
Notwithſtanding that ſeeming Impoſſibility 
of numbering the Stars, their relative Situations 
one to another have been fo carefully obſerved 
by Aſtronomers, that they have not only been 
able to number them, but even to diſtinguiſh 
the Places of each in the Heavens, and that 
with greater Accuracy, than any Geographer 
could ever point out the Situations of the {e- 
veral Cities or Towns upon the Surface of the 
Earth. And not only the Places of thoſe few, 
it 1 may call them ſo, which are to be ſeen 


(2) Hugenivs, in the Year 1656, looking by Chance through 
a large Teleſcope at three (mall Stars very cloſe to one another 
in the Middle of O-jn's Sword, ſaw ſeveral more as uſual : 
Bu: three little Stars very near one another, together with four - 
larger ones, ſhone out as it were through a whitiſh Cloud much 
briohter than the ambient Sky ; which being very black and 
freue, cauſed that lucid Part to appear like an Aperture that 
gare a Proſpect into a brighter Region. He viewed it many 
mes, and found it continued in the very ſame Place and of 
tie ſame Shape. But in the P&ilo/ophica! Tranſafimns, Ne 347, 
there is an Account of a later Diſcovery of five more ſuch lucid 
v01s, though leis conſiderable chan this of Huzgens; the Mid- 
Ge of which, we are there told, is ac Pp! reſent in U nincteen 
Degrees, w:th South Latitude twenty-eight Degrees, forty-five 
Minutes ; and that it ſends forth a radiant Beam into the South- 
alt; as another in the Girdle of Anaromida ſeems to do into 
de North. Eaſt. It is alſo there remarked, that tho' theie Spots: 
we in Appearance but ſmall, and moſt ot them but a few Mi- 
putes in Diameter, yet 3 they are among the Ficed Stars, as 
(appears they are by their having no Parallax, they cannot fail 
0 occupy Spaces immenſely great, and perhaps not ics than our 
ole Sclar Sy/tem ; in all which Places, i; ſhould ſeem, there is a 
tpecual unintertupted Day. 


or. H. K with 
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with the naked Eye have been pointed out and 
regiſtered by them, but even of ſuch as are 
diſcoverable only by the Teleſcope. The firſt 
among the Greeks, who numbered thoſe which 
are viſible to the naked Eye, and regiſter'd their 
Places in a Catalogue, was Hipparchus. He 
flouriſh'd about 120 Years before Chriſt, and 
numbered 1022 Stars. To this Catalogue the 
Places of ſeveral more have been added by ſuc. 
ceeding Aſtronomers, as Ptolemy, Copernicus, 
Tycho Brahe, Ricciolus, and Dr. Halley ; which 
laſt went to the Iſland of St. Helena; where he 
reckoned up and ſet down the Places of ſuch 
Stars in the Southern Hemiſpheie as are act 
viſible to us in this. 

The laſt Catalogue is that of Flamſteed, who 
reckons 3009, of which a great Part are Tel. 
ſeopical. The Number of Stars which may be 
jeen at one Time with the naked Eye in one 
Hemiſphere ſeldom exceed a Thouſand ; which 
perhaps may appear ſtrange, ſince at firſt Sight 
they ſeem to be innumerable. But this Ap- 
pearance is only a Deception of Sight, ariſing 
from a confuſed and tranſient View. Let 4 
Perſon ſingle out a ſmall Portion of the Hes. 
vens, and after ſome Attention to the Situation 
of the more remarkable Stars therein, begin tc 
count, and he will foon be ſurpriſed to find hoy 

few there are therein. 

Yet nevertheleſs, if we conſider the Tele 


ſcopic Stars along with thoſe which are viſib 
t 
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to the naked Eye, we may venture to pro- 
nounce them infinite ; ſo prodigious are the 
Numbers that may be ſeen in a good Teleſcope. 
Thoſe in Mr. Flamſteeds Catalogue men- 
tion'd above, that are Teleſcopical, are only the 
more remarkable ones, ſuch whoſe Longitudes 
and Latitudes (that is, their true Situation in 
the Heavens) it was thought worth while to re- 
giſter and put down, Dr. 779%, with a Tele- 
{cope of 12 Feet, ſaw 78 Stars among the Plei- 
ades, that is, thoſe which are commonly called 
the Seven Stars; and with a longer Teleſcope 
ſaw more (6). And in the fingle Conſtellation 
o Orion, which in Flamſteed's Catalogue bes 
but 80 Stars, there have been ſeen 2000 (c). 
There is one Thing more which is very re- 
markable in the Fixed Stars, viz. that fome of 
.W thois which were taken Notice of, and had their 
e Places regiſter'd, have fince diſappeared. Some 
MW have diſappeared for a Time; ſome new ones 
i have appeared, and afterwards diſappeared ; 
particulaily a remarkable one in the Conſtella- 
tion Caf opera, in the Year 1572, which ſome 
Time after its firſt Appearance out-ſhone the 
brighteſt of the Fixed Stars, and in fixteen 
Months Time by Degrees vaniſhed quite away, 
and was never ſeen ſince. In the Plezagcer, 
which uſed to be reckoned 7, there are but 6 
to be ſeen with the naked Eye. 
(>) Pock's Micropraph. pag. 241. 
(, Antonius Maria de Rheita, Rad. gy de: reomiſt. pag. 107. 
K 2 From 
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From the Similitude there appears to be be- 
tween the Fixed Stars and the Sun, it is gene- 
rally ſuppoſed by Philoſophers, that they are 
not placed in the Heavens by way of Orna- 
ment only, or to ſupply us with a faint Light 
in the Abſence of the Moon ; but that each of 


them is placed in the midſt of a Syſtem of 
planetary Worlds, and that it directs their 
Motions, and ſupplies them with Light and 
Heat, in the ſame Manner that the Sun does 
the ſeveral Bodies of which the Solar Syſtem is 
compoſed (d). | 

As to thoſe Alterations in the Appearances 
of ſome of the Fixed Stars mentioned above, 
Sir Jſaac Newton conjectures, that, as it is poſ- 
ſible the Sun may ſometimes receive an Addi— 
tion of Fewel by the falling of a Comet into 
it (the only Uſe (e) they ſeem to be of) ſo 
the ſudden Appearance of ſome of the Stars, 
which formerly were not viſible to us, may be 
owing to the falling of a Comet upon them, 
and occaſioning an uncommon Blaze and Splen- 
dor for ſome Time. But that ſuch as appear 
and diſappear periodically, and increaſe by very 


(4) How the Sun directs the Motions of the Planets will be 
ſhewn afterwards. 

(e) Sir J/aac Neavton computes, that the Comet which appeared 
in 1680, approached towards the Sun within leſs than a ſixth 
Part of the Sun's Diameter; and from thence concludes, that 
it muſt have been retarded by the Refiſtance of the Sun's At- 
moſphere, which is very large; the Conſequence of whict is, 
that it muſt come nearer and nearer the Sun every Revolution, 
bill at laſt it falls into its Body, 


flow 
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flow Degrees, feldom exceeding thoſe of the 
third Magnitude, may be ſuch as having large 
Portions of their Surface obſcured by Spots, 
may by revolving about their Axes, like the 
Sun, expoſe their lighter and darker Parts to us 
ſucceſſively. 


— 2 


— 


— 
Of the apparent Motions of the Hea- 


venly Bodies. 


| CHAP. - HW. 
Of therr apparent diurnal Motion. 


Aving now laid down the true and pro- 

er Motion of the Planets, and ſhewn, 
as far as the Obſervations of Aſtronomers have 
been able to inform us, the Nature of the 
Sun, the Planets, and the Fixed Stars ; we are 
in the next Place to enquire particularly into 
their apparent Motions, and ſhew how it comes 
to pals that theſe ſeem to us ſo different from 
what they really are. And theſe are principally 
of two Sorts, vg. thoſe which ariſe from the 
Motion of the Earth round its Axis, and thote 
which are owing to the Motion of the Earth 
and Planets about he Sun. The former of 
theſe ſhall be conſider'd in this Chapter; the 


latter in thoſe which follow. 
K 3 Since 
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Since then, as we obſerved above, the Earth 
turns round its own Axis from Welt to Eaſt, 
every Spectator upon its Surface muſt neceſſs- 
rily be carried round it the ſame Way; and 
conſequently thoſe Parts of the Heavens which 
lie hid towards the Eaſt, will by and by come 
into his Sight, and thoſe which are viſible to him 
will depart out of it towards the Weſt. From 
hence it is that the SpeCtator, not being ſen- 
ſible of his own Motion (the Reaſon of which 
is, becauſe all Things about him move along 
with him) imagines the whole Heavens to turn 
round the contrary Way, vig. from Eaſt to 
Welt, every 24 Hours, which is nearly (/) the 
Time the Earth performs one Revolution about 
its Axis in. This may be illuſtrated in the fol- 
lowing Manner. 

Let the Circle STV (Fig. 3.) repreſent the 
Earth, S the Place of a Spectator, ABC ſo 
much of the Heavens as is viſible to him 
in that Situation, and let A be the Place of the 
Sun or any otherof the Heavenly Bodies: When 
8, the Place of the Spectator, is carried by the 
Rotation of the Earth about its Axis to 
T, the viſible Part of the Heavens will be- 
come BAD; and the Point A, which be- 
fore was juſt at one Edge of the viſible Por- 
tion of the Heavens, is now in the midſt cf 
it, or directly over the Spectator's Head. Again, 


(f) The Reaſon why this is not the exad Time, is, beczuſe 
of the Motion of the Earth in its Orbit performed in the mean 
While; as ſhal! be explained in Chapter XV, . 
| | Wan 
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when the Spectator is got to V, the viſible Part 
of the Heavens is become A DX, and the 
Point A is got to the other Extremity of it, 
and juſt ready to diſappear ; after which it is 
ſeen no more till the Spectator arrives at the 
Point S again. | 

From this Motion of the Earth ariſes that 
apparent Revolution of the Planets and Fixed 
Stars once in 24 Hours; as alſo thar of the 
Sun, and therewith the Succeſſion of Day and 
Night. 

That the Days vary from each other both in 
Point of Length and Heat, is owing to the Mo- 
tion of the Earth round the Sun, and will be 
accounted for in the next Chapter, 


ä — 


S 


, the apparent Motion of the Sun, 
ariſing from the Earth's revolving 
about it. | 


S, when a Perſon fails along the Sea- 
Coaſt, the Shore, the Villages, and 

other remarkable Places upon Land appear to 
change their Situation, and to paſs by him; 
and this apparent Change of Place is of two 
Sorts, (the one is that of Bodies at Reſt, the 
K 4 Change 
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Change of whoſe Places depend ſolely on that 
of the Spectator; the other is, that of Bodies 
in Motion, whoſe apparent Change of Place 


depends as well on their own Motion as on 


that of the Spectator ;) ſo it is in the Heavens: 
To a Spectator upon the Earth, as it moves 
along its Orbit, the Sun, the Planets, and the 
Fixed Stars appear to change their Places; which 
Change in thoſe which are at Reſt is owing 
wholly to the Motion of the Earth ; in thoſe 
which move, it is to be aſcribed to their own 
conjointly with that of the Earth : The former 
Kind ſhall be confidered in this Chapter and 
the next, the latter in thoſe which follow. To 
begin with that of the Sun. 

As a Spectator in the Sun would ſee the 
Earth deſcribing a Circle in the Heavens, which 
is that where the Plane of the Farth's Orbit 
(were we to ſuppoſe it extended far enough) 
would cut them; fo a SpeQator on the Earth, 
being carried round the Sun therewith, would 
imagine Hh to move through the ſame Circle, 
and in the ſame Direction, paſſing from Star to 
Star, till it has appeared to move quite round 
the Heavens. This Circle is called the Ecliptic, 
and, from what was obſerved above of the Zo- 
diac, neceſſarily paſſes through the twelve Signs 
thereof. From hence it 1s, that the Sun 1s faid 
to paſs through the Signs of t! 


12 Zodiac once a 
Year. 


* 


To 
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To illuſtrate this, let S (Fig. 4.) repreſent 
the Sun, ABC the Orbit of the Earth, and 
DEF the ſtarry Firmament. Then if we ſup- 
poſe the Spectator to be in the Sun, as the Earth 
moves from A to B, it will ſeem to move from 
D to E, deſcribing the Arch DE in the Hea- 
vens, and ſo on ; but if the Spectator be upon 

the Earth, then whilſt it moves from A to B, 
the Sun will ſeem to deſcribe the Arch G H in 
the oppoſite Part of the Heavens : And whilſt 
the Earth is paſſing rom B to C, the apparent 
place of the Sun will paſs from H to I; and 
ſo on through the whole Circle. So that the 
gun appears to deſcribe the ſame Circle among 
the Fixed Stars in a Year, that the Earth would 
{:em to deſcribe in the ſame Time to a Specta- 
tor in the Sun. 

Having thus ſhewn, that the annual Motion 
of the Earth gives the Sun an apparent one in 
the Ecliptic, we ſhall now proceed to enquire 
how the Variety of Days and Nights, as to 
their Lengths and the different Seaſons of the 
Year, are to be accounted for. In order to 


5 which we will premiſe the three following Ob- 
ervations. 


I. As the Earth turns round its Axis, there 

15 R 5 . 
are two Points in its Surface which have no 
Motion from thence, wiz. the two Extremi- 
ties of its Axis, Theſe Points are called the 
Poles of the Earth; that which reſpects the 


North, 
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North, is called the North Pole, the other the 
South Pole. But every other Point of the 
Earth's Surface deſcribes a Circle, which wil 
be greater or leſs, as the Point that deſcribes i 
is farther from or nearer to either Pole; and 
conſequently that Circle, whoſe deſcribing Point 
is equally removed from either, will be thy 
largeſt of all. This Circle is called the Equa 
tor, by Mariners the Line; and its correſpond. 
ing Circle in the Heavens, or that which the 
Plane of this Circle, were we to ſuppoſe it ex. 
tended thither, would mark out, the Equi. 
noctial Circle ; and thoſe leſſer Circles Jeferbe 
by other Points of the Earth's Surface are cal. 
ed Parallels of this. 


II. The Axis of the Earth, as was obſerve 
above, making an Angle with the Plane of i 
Orbit of 23 Degrees and an Half, does the 
ſame with that of the Ecliptic, thoſe tw 


ö a anc 
Planes being coincident one with another Hue 
Thus ſuppoſing the Line AB (Fig. 5.) to g 
preſent the Plane of the Ecliptic ſeen edge 
ways, and the Circle DFE the Earth ; the pt 
Axis of it is not coincident with the Perpendi. * 
cular DE, but ſtands inclined in the Situation» 
FG, ſuppoſing the Arch DF to contain : 
Degrees and an Half. And, b 

| ara! 
III. In whatever Part of its Orbit the Earn © 
is, its Axis has the ſame Inclination to tht Char 


Plan 
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plane thereof, and is every where parallel to 
itlelf; that is, if a Line be conceived as drawn 
parallel to the Axis, while the Earth is in 
any one Point of its Orbit, the Axis will in 
every other Situation of the Earth be parallel 
o the ſaid Line, Thus ſuppoſing the Line 
FG to repreſent the Situation of the Axis of 
the Earth when at DF G, and to be parallel 
to the Line HI; then when the Earth is at 
g, or any other Part of its Orbit, its Axts 
7 will ſtill be parallel to the ſame Line 
HI (a). 

Theſe Things being obſerved, let us imagine 
the Plane of the Ecliptic to be repreſented by 
the Line A B (Fig. 6.) ſeen edgeways as before. 
Let the Point 8 repreſent the Place of the Sun, 
and PE p the Earth, whoſe Axis let be P p, 
and its Poles P and p, the former of the North, 
the latter the South; and let EQ be the Equator, 
and TC, RN, Sc. Parallels thereof. And let 
us in the firſt Place conſider the Earth in the 
Situation K L, or directly beyond the Sun with 
Neſpect to the Eye. It is evident from the 
Figure, that in this Situation of the Earth, the 
„Jun's Place S is in the Plane of the Equator 

WE Q produced ; and conſequently, while the 


(a) N. B. The Axis of the Earth deviates a little from its 
Paralleliſm every Revolution of the Earth about the Sun, but 
in ſo ſmall a Degree that the Conſideration of it is better 
Wed in this Place; it hall be taken Notice of in the next 


Chapter, E * 
var 
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Earth revolves upon its Axis Pp, the Sun vi 
appear to deſcribe that Circle, and will en. 
lighten one Side of the Earth from Pole 9 
Pole. Whence Half of the Equator, and Half Wt! 
of each of its Parallels RN, TC, &c. will þ, Mt! 
enlightened thereby, while the other Half, be. Wo 
ing on the oppoſite Side of the Earth, will be. 
in the Dark. And conſequently every Plac t 
on the Surface of the Earth, fince it muſt de. MW" 
ſcribe ſome one of thoſe Parallels as it is car. MW" 
ried round by the diurnal Motion, will be 2 
long in the Light as in the Dark; that is, the IP. 
Days and Nights will then be of equal Length I 
ell over the Earth (5). 
But becauſe the Axis of the Earth is every i" 
here parallel to itſelf, as was juſt ncw ob- Im 
ſerved ;. when the Earth is carried by its annual 
Motion into the Situation MO (which we wil 
{ſuppoſe to be a Quarter of a Circle diſtant 
from its former Situation, the Poles of the 
Earth being ſtill turned the ſame Way as be. 
fore) it is manifeſt that the Sun's Place $ is not 
now in the Plane of the Equator EQ pro- 
duced, (for that would paſs below the Sun to- 
wards L) but direfly over C, a Point in the 
Parallel TC; and therefore, as the Earth re- 
volves about its Axis, all Places of the Earth 


(2) When the Sun appears to enter the firſt Degree of tüte 
Sign Aries, the Earth is in that Part of its Orbit where theſe 


Phenomena happen. 5 
tha! 
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mat lie in this Parallel will come directly un- 
der the Sun once in 24 Hours, as thoſe that 
ly under the Equator did in the former Si- 
tuation of the Earth: And ſince the Rays of 
the Sun always enlighten one Half of the Globe 
of the Earth at a Time, they will reach be- 
yond the North Pole as far as F; and on 
the other Side no farther than IJ. From 
whence it follows, that the Tract of the Earth 
which lies within the Circle F G enjoys con- 
tinual Day-light, while the Earth is in this 
Part of its Orbit ; and on the contrary, that it 


: s continual Night to that Part of the World 
chat lies within the oppoſite Circle HI; that 
js, the Sun will not appear to ſet in the for- 


b. ner, nor riſe in the latter. And farther, greater 
Portions of thoſe Parallels which lie between 
„in Nie Equator and the Circle F G will be in the 
lluminated Hemiſphere than in the dark one, 
ne appears by Inſpection of the Figure, in 
be. Nrhich the latter Hemiſphere is diſtinguithed 
not Jom the other by being ſhaded; and on the 
ro. ontrary, greater Portions of ſuch as lie be- 
to. een the Equator and the Circle H I will be 
in the Dark, than in the Light. And hence 
It is that the Earth being in this Part of the 
orbit, the Days are longer than the Nights 
on the Northern Side the Equator; whereas 
on the Southern Side, the Nights are longer 
lan the Days; and the Difference between the 
Lengths of the Days and Nights is ſo much 

the 


| 
' 
| 
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the greater, as the Place is more remote from 
the Equator on either Side, becauſe the Dif. 
ference between the Portions of the Parallel; 
which are in the illuminated Hemiſphere, an 
thoſe which are in the contrary one, are greate 
the farther they are from the Equator : By 
to ſuch as live under the Equator, Day and 
Night are in this Situation of the Earth alö 
equal to one another, one Half of the Equats 
E Q being here alſo in the illuminated Hemi. 
ſphere (c). 

Let us now conceive the Earth to hare 
moved through another quarter Part of it; 
Orbit, and to be in the Situation K L again, 
but with this Difference, that it is now on the 
contrary Side the Sun to what we ſuppoſed i 
at firſt. In this Situation alſo it 1s evident, that 
the Plane of the Equator E Q being produ- 
ced, will paſs through the Sun, and that the 
illuminated Hemiſphere will paſs from Pole 
to Pole as beſore; for we are ſtill to conceive 
the Ax/; of the Earth parallel to its firſt Situ- 
ation; ſo that the Sun will ſeem to deſcribe 
the ſame Circle in the Heavens, and the 
Days and Nights will be equal every where, 


(%) 1n this Situation of the Earth the Sun appears to be i 
the firſt Degree of Cancer, and to the Inhabitants of the North- 
ern Hemiſphere of the Earth inttoduces the Summer, to thole 


ef the other che Winter Quarter. 
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as when the Earth was in the oppoſite Point of 
is Orbit (4). 
But when the Earth has paſſed through ano- 
ther Quarter of its Orbit (which we will ſup- 
ofe it to have done, when it is in the Situation 
XY) its Axis P p ſtill remaining parallel to 
its former Direction, the Place of the Sun will 
now be vertical to R, a Point under the Parallel 
RN; fo that to all the Inhabitants that live 
under this Parallel, the Sun will be vertical 
once in 24 Hours, as it was to thoſe who live 
wel under the Parallel TC, when the Earth was 
is Hat MO; and that Portion of the Earth's Sur- 
in, face which is included within the Circle FG 
he will be wholly in the Dark, and that within 
lig the oppoſite one HI will be wholly in the 
hau Light; and lefler Portions of the Northern 
da- Parallels will be in the Light than in the Dark, 
the and greater Portions of the Southern. So that 
or the Inhabitants of the Northern Hemiſphere 
vc will then have their Days at the ſhorteſt, and 
t0-WF thoſe of the Southern at the longeſt. Thoſe 
ribeW who live within the Circle FG will have no 
th: Day, and thoſe within H I no Night. Though 
ele to thoſe who live under the Equator, the Days 
and Nights are in this, as in all other Situations 
© © the Earth, of an equal Length, the Equator 


(4) In this Situation of the Earth, the Sun enters the firſt 


egree of Libra, and makes ꝗutumm to us, and Spring to thoſe 
on the other Side the Equator, 


being 


| 
| 
| 
1 
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being every where cut into two equal Parts by 
the Boundary of Light and Dark neſs (e). 
| From 


(e) When the Earth is ja that Part of its Orbit where theſe 
Phenomena happen, the Sun is then entering the firſt Degree 
of Capricorn, and brings on Winter to us, and Summer to the 
Inhabitants of the other Hemiſphere, 


There is another Way in which theſe Phznomena may be il. 
luſtrated; and that is as follows. Let S (Fig. 7. ) repreſent the 
Sun, and the Circle ABCD the Earth's annual Courie round 
it; EFC H the Earth, P the North Pole, RT the Arctic Circle, 
IKLE the Tropic of Cancer, FNH the Northern Half of the 
Equator ; the ſhaded Part the obſcure Hemiſphere, the other 
the illuminated one: And let X be the Place of the Sign 4riz 
in the Heavens, Y thai of Cancer, M that of Libra, and Q that 
of Capricorx. | 

Warnea the Earth is in that Part of its Orbit that reſpects M or 
Libra, the Sun appears in the oppoſite one, wiz. at X, or in 
Aries; and the Circle GPE, which ſeparates the light Hemi. 
iphere from the dark one, paſtes through the Poles of the Earth, 
and therefore cuts each Paralie! of the Equator into two equal 
Parts, and thereby renders the Days and Nights every where 

ual. 

5 But while the Earth in its annual Courſe moves from M to- 
wards Q. which we will ſuppoſe to be a Quarter of a Circle diſ- 
tant from it, its Axis being directed as before, the Pole P will 
gradually advance imo the illuminated Hemiſphere, and that 
Portioa of the Parallels that are therein will continually increaſe 
until the Earth is arrived there: In which Poſition the Bound- 
ary of Light and Darknefs paſſes through FRH, the Pole P, 
and all the Space within the Arctic Cirele falling wholly within 
the illuminated Hemiſphere; and thoſe Portions of the ſeveral 
Parallels that are in the Light, will be longer than thoſe which 
are in the Dark; all which is evident from the Inſpection of the 
Figure. So that in the Northern Hemiſphere of the Earth the 
Days will be at the longeſt, and the Nights at the ſhorteſt 

Again, as the Earth is moving from Q towards X, the Pole 
P begins to incline towards the Line that diſtinguiſhes Light 
from Darkness, for the like Reazſon that before it receded 
from it; and therefore thoſe Portions of the Parallels that ae 


12 
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From this apparent Shifting of the Sun from 
one Side of the Equator to the other, thoſe 
Parallels of the Equator, mentioned in the fore- 
going Explication, have been diſtinguiſhed from 
the reſt by particular Names, as the two Tropics, 
and the two Polar Circles. The Tropics are 
TC and RN: The former is called the Tropic 
of Cancer ; becauſe, when the Sun ſeems to de- 
ſcribe that Circle, it then appears to be in the 
firſt Degree of that Part of the Ecliptic which 
is diſtinguiſhed by the Sign Cancer: The latter 
is called the Tropic of Capricorn ; becauſe at 
that Time of the Year when it appears to de- 
ſcribe that Circle, it is entering the firſt Degree 
of the Sign Capricorn. The two Polar Circles 
are FG and HI; the former the Arctic, the 
latter the Antarctic. Theſe are juſt as far diſ- 
tant from their reſpeQtive Poles, as the Tropics 
are from tae Equator ; viz. 23 Degrees and an 
Half; this being a neceſſary Conſequence of 
the Sun's illuminating but one Half of the 
Globe of the Earth at a Time. 


in the Light gradually leſſen till the Earth arrives there; at 
which Time that Line will paſs through it again, and ſo make 
the Days and Nights every where equal. 

But afterwards the Pole will begin to fall into the obſcure 
Hemiſphere, and ſo recede gradually from the Light, until the 
Earth comes to Y ; in which Situation not only the Pole, bur 
the whole Artic Circle will be involved in Darkneſs; and 
thoſe Portions of the ſeveral Parrellels that are in the Light, will 
be ſhorter than thoſe which are in the Dark ; ſo that the Days 
vill be at the ſhorteſt, and the Nights at the longeſt. 


vor, U. L The 
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The Days and Nights being of an equal 
Length, when the Sun appears to be in thoſe 
Points where the Equator cuts the Eclipric, 
(vg. the firſt Degree of Aries and Libra) they 
are from thence called the Equinoctial Points, 
and the Times of the Year anſwering thereto 
the Equinoxes; one the Vernal, the other the 
Autumnal : And of the Equinoctial Points, thai 
where the Ecliptic croſſes the Equator in its 
Aſcent towards the North Pole, is called the 
vernal Equinoctial Point; that where it croſſes 
it in its Deſcent towards the South Pole, the 
Autumnal: And a Circle imagined to pal 
through them and the Poles of the Earth i; 
called the Equinoctial Colure. 

And becauſe when the Sun ſeems to deſcribe W , 
either of the Tropic Circles (that is, when 1 
enters the firſt Degree of Cancer or Capri n 
corn) it being about to revert to the Equator, f 
does as it were feem to ſtand ſtill, neither te. f 
ceding from, nor approaching towards 1, p 
theſe Points are called the Solſtitial Point,; 


ard the Times of the Year anſwering there. (1 
to are termed the two Soſſtices; the on ge 
the Summer, the other the Winter, And ey 
Circle conceived to paſs through the Poles d F 
the Earth and theſe Points is called the 80, a 
fliticl Colure. And laſtly, theſe four Point the 
of the Heavens being thoſe in which the ou c.. 
appears to be when the four Seaſons of the Yez 


(viz. the Spring, Summer, Autumn, and Winter 
3 begin 
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begin, are diſtinguiſhed by the Names of Car- 
dinal Points. 

If a right Line perpendicular to the Plane 
of the Ecliptic be ſuppoſed to pats through the 
Center of the Sun, and to be extended both 
Ways to the Heavens, this Line is called the 
Axis of the Ecliptic; and the two Extremities 
thereof the Poles of the Ecliptic. But this Line 
is oft conceived to paſs through the Center of 
the Earth inſtead of the Sun; for they are fo 
near to each other with reſpe& to the Diſtance 
of the Heavens, that the Difference is not ma- 
terial. 

1 The Sun being not placed in the Center of 
| thoſe Ellipſes which the Planets deſcribe in 
be moving round it, but in one of their Foci, 
"i as was obſerved above, it follows, that they 
1: muſt be farther from the Sun in one Part of 
or, WF their Orbits than in another. And not only 
Wl fo, but they muſt alſo move faſter in one 
Fart of their Orbits than in another; becauſe, 
as has been already demonſtrated in Part 1. 
er Chap. VIII. Page 46. whatever Orbit a Body 
on deſcribes, if it be retained therein by any cen- 
ad MW tiipetal Force whatever, it will deſcribe equal 
© Areas in equal Times; that is, it will move 
: $0 aſter in Proportion as it approaches nearer to 
001 the Body it revolyes about, and flower the 
Sulf farther it is from it. And accordingly it is 
Yeall obſeryed by Aſtronomers, that the nearer a 


inter L 2 Planet 
Cpl 
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Planet comes to the Sun in its Orbit, the ſwifter 
it moves. 

The Conſequence of this is, that the Sun 
does not appear to move uniformly along the 
Ecliptic, but in ſome Days to deſcribe a greater 
Portion of it than in others. In Winter it 
moves the faſteſt, in Summer the ſloweſt ; in. 
ſomuch that it takes up eight Days more in 
paſting from the Yernal to the Autumnal Egui- 
nox, than in its Paſſage from the Autumnal to 
the Vernal; altho' in either of theſe Interval; 
of Time it moves through juſt Half of the 
Echptic. 

When an Ellipſ is conſidered as the Orbit 
of a Planet, the longer Axis thereof is called 
the Linea Apfidum ; and if the Focus F be the 
Place of the Sun (g), the Point A is called the 
Summa Apis (C), or the Aphelion; and the 

oppolitc 


Hence it is, that in one Part of the Year the Sun is far- 
ther towards the Eaſt, and in another farther towards the Wet, 
than it would ſeem to be, was its apparent Motion in the Eclipti 
uniform ; ſo that it paſſes the Meridian ſometimes ſooner, ſome- 
times later, than the Time at which a Clock that moves uni- 
formly would indicate the Hour of Twelve. This is one Reaſos 
that Sun-dials are obſerved to go ſometimes (lower, and ſome- 
times falter. When the Sun appears too far toward the Eaſt, 
they are too flow ; when it appears too much to the Weſtward, 
they are too quick. But ſee this farther explained, Chap. XVI. 

(E] See Fig. 2. 

() This is the general Name to diſtinguiſh that Point of an 
Orbit, in which a revolving Planet is at the greateſt Diſtance 
trom the Body it revolves about. With reſpe& to a Body te- 
volving about the Sun, it is called the Aphelion; but with te- 


ſpect to the Moon conſidered as revelving about the Earth, . be- 


is ca 
hic 
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oppoſite one B, the Ina Apis, or the Perihe- 
lion. The Diſtance of a Planet from its Aphe- 
lion is called its Anomaly ; and this is of two 
Kinds, mean and real: The latter is its real 
Diſtance from its Aphelion; the former is that 
Diſtance at which it would be from it, ſup- 
poſing its Motion in its Orbit to be uniform; 


; and the Difference between theſe two Aſtro- 
. nomers call the Equation, or Proſthaphœręſis of 


the Planet. 

The Ellipſes the Planets deſcribe do them- 
ſelves turn round the Sun, though with a very 
flow Place, their Aphelia reſpecting ſometimes 
1 Part of the Heavens, and ſometimes ano- 
cher. In this Age the Aphelion of the Earth's 
* Orbit points towards the former Part of the 
* sign Capricorn. This is the Reaſon that the 
Sun is farther from us in Summer than in Win- 
ter; for the Sun appearing in Cancer in the for- 
f. mer Seaſon, the Earth is then in Capricorn, 
el, Wand therefore in its Aphelion, that is, its greateſt 
. Diſtance from the Sun. 

The Sun being farther removed from us in 
Summer than in Winter, it may be aſked how 
it comes to paſs, that ſince the Sun is the 
Fountain of Heat, as well as Light, our Win- 
ters are ſo much colder than cur Summers? In 
Anſwer to this it is to be conſidered, that the 


i called the Apogeon. And the Ima Ap/is is the neareſt Point, 
which with reſpe& to a Body moving about the Sun is called the 
feritelion, but with reſpect to the Moon the Perigeon. 


. 1 Rays 
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Rays of the Sun fall with much leſs Obliquity 
upon the Surface of the Earth on our Side the 
Equator in the Summer, than in the Winter; 
and therefore they not only act more forcibl 
upon it, but a greater Quantity of them fall 
upon a given Place. Again; in the Winter 
the Sun being much lower in the Heavens 
when at its Meridian Height, than in Summer, 
its Rays paſs through a longer Portion of the 
Earth's Atmoſphere, by which great Part are 
intercepted, and ſome by various Refractions 
and Reflections turned another Way (7). And 
laſtly, in Summer the Sun continues with us 
ſixteen Hours, and is abſent but eight; wherea: 
in Winter it is with us but eight Hours, and is 
abſent ſixteen. All which Things conſpire to 
make a conſiderable Alteration with reſpect to 
Heat and Cold. 

If this be ſo, why is not the Weather hot- 
ter when the Sun is in the Tropic of Can— 
cer, its Rays then falling with the leaſt Ob— 
liquity, and paſſing the ſhorteſt Way through 
the Atmoſphere, and the Days being then at 
the longeſt, than it is about a Month after- 
wards, when the Sun is in the Beginning of 
the next Sign? In Anſwer to this it is to be 
remembered, that Bodies are not always the 
hotteſt at that very Inſtant the greateſt Degree 
of Heat is applied to them: They require Time 


(:) Ses the State of the Atmoſphere, Part IT. Chap. III. 
to 
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to heat as well as to cool; it is the Length of 
Time therefore that the Heat is applied to 
them, as well as the Degree of it, that deter- 
mines the Quantity of Heat communicated to 
them. | 
For the like Reaſon we commonly find it 
warmer about One or Two of the Clock in the 
Afternoon, than at Twelve, when the Sun is in 
its Meridian Altitude, and its Rays fall thickeſt 
and moſt forcibly upon the Earth. 

The Sun appearing by means of the annual 
Motion of the Earth (as was illuſtrated in the 
Beginning of this Chapter) to move from Wet 
to Eaſt in the Heavens, it happens, that if any 
Star riſes or ſets along with the Sun at any 
Time, that Star will after a few Days rife or ſet 
before it ; becauſe the Sun's apparent Place in 
the Heavens will be removed to the Eaſtward 
of the Star. So that thoſe Stars which at one 
Time of the Year ſet with the Sun, and there- 
fore never appear at all, ſhall at another Time 
of the Year riſe when the Sun ſets, and ſhine 
all Night. And as any one Star ſhifts its Place 
with reſpect to the Sun, and in Conſequence of 
that with Reſpect to the Hour of the Night, fo 
all the reſt do; and from hence it is, that all 
thoſe Stars which at one Time of the Year ap- 
pear on any one Side of the Pole-Star in the 
MW Evening, (hall Half a Year after, at the ſame 
\. Hour, appear on the contrary Side thereof. 


L 4 CHAP. 


I 68 Of the annual Parallax Part IV. 
CHAP. V. 


Of the Earth's annual Parallax, the 
Nutation of e Poles, and the Pre- 
ceſſion of the Equinoctial Points. 


IN CE the Axis of the Earth is always 
parallel to itſelf, it is in different Parts of 

the Vear directed towards different Parts of 
the Heavens; and therefore to a Spectator on 
the Surface of the Earth, who cannot be ſen— 
ſible of bis Change of Place, the apparent Places 
of the Fixed Stars are different, when viewed 
from oppoſite Points of the Earth's Orbit. Thus 
let 8 (Fig. 8.) repreſent the Place of the Sun, 
AB the Orbit of the Earth, and when the Earth 
is at A, let its Axis be directed towards the Point 
Cin the Heavens; then when the Earth is ar- 
rived at B, the oppoſite Point of its Orbit, its 
Axis being parallel to its former Poſition, will be 
directed to a different Point in the Heavens, v2. 
to D, as far diſtant from the former as the 
Point A is from B, that is, a Space equal to the 
Diameter of the Earth's Orbit: And therefore 
to a Spectator on the Surface of the Earth, 
the Placcs of the Fixed Stars appear removed 
as far as from C to D, viz. by the Quantity 
of the Angle CBD; or, becauſe the Lines 
AC and BD are parallel, by the Angle BCA, 
which is that under which the Orbit 4 Jr 
art 
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Farth would appear from a Fixed Star at C. 
This Angle is by Aſtronomers called the Pa- 
rallax of the Orbis magnus, or the Earth's an- 
wal Parallax. 

If this Angle could be accurately taken, the 
Diſtance of a Fixed Star at C, with reſpect to 
that of the Sun at S, might be found by the 
Rules of T. Ve (a). But by reaſon of 
the great Diſtance of the Fixed Stars, that Angle 
is ſo exceeding ſmall that it cannot be taken with 
any tolerable Accuracy, even with the beſt In- 
ſtruments. It has appeared to ſome to contain 
about 47 Seconds of a Minute, according to 
which the Diſtance of the Stars muſt be Five 
hundred thouſand Millions of Miles from us; 
but to others, particularly to Flamſteed, who 
has taken great Pains to obſerve it accurately, it 
has appeared to contain but 42 Seconds, accord- 
ing to which the Diſtance of the Stars muſt be 
much greater. 

Although we hitherto have looked upon the 
Axis of the Earth as being always parallel to 
itlelf, yet it is not ſo, but is ſubjeR to a 
twofold Motion; to the one is owing the Nu- 


(a) For the Angle DBC being taken by Obſervation, its 
Equal ACB is had ; and the Angle BAC, or SAC, ſubtends an 
Arch of the Heavens that SET the Diſtance between the 
Place of the Sun and the ſaid Point, and may therefore eaſily 
be obtained: And conſequently, by the Rules of Trigonometry, 
the Proportion which the Line AC, or the Diſtance of the Star 


from the Earth, bears to the Line AB, which is double the 
dun's Diſtance, may be found. 


tation 
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tation of the Poles, to the other the Preceſ. 
ſion of the Equinoctial Points, which are now | 
to be explained. The firſt is a Deviation of the 
Earth's Axis from its Paralleliſm with itſelf | 


twice in the Year, and a Returning to it as oft, 
For Inſtance, the Inclination of its Axis to the 


Plane of the Ecliptic increaſes while the Earth | 


is moving from the Solſtitial to the Equinoctial, 
and diminiſhes as much in its Paſſage from 
the Equinoctial to the Solſtitial Points. So that 
the Inclination of the Axis of the Earth to the 
Ecliptic is, notwithſtanding this, at oppoſite 
Points of its Orbit always the ſame. This 
Nutation therefore does not in the leaſt inter- 
fere with what was ſaid with regard to the 
Earth's annual Parallax, in which though we 
ſuppoſed that Axis always parallel to itſelf, yet 
we conſider d it only in oppoſite Points of its 
Orbit. This is called the Nutation of the 
| Poles (5). The other indeed claſhes a little 
with our former Suppoſition; but taking a 
fingle Revolution of the Earth by itſelf, as 
we have hitherto done, it is fo ſmall as to be 
quite inſenſible, though not ſo when we take 
many Revolutions together. Accordingly, by 
comparing ſeveral Years together, Aſtronomers 
have obſerved that the Axis of the Earth de- 


(5) As the Inclination of the Axis of the Earth is thus twice 


augmented and twice diminiſhed, while the Earth revolves | 
about the Sun, in like manner it is twice augmented and twice 


diminiſhed in each Revolunon of the Moon about that. 


viates | 
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tes a little from the Direction it formerly had; 
gotwithſtanding which Deviation, its Inclina- 
bon to the Ecliptic remains the ſame. To il- 
juſtrate the Manner in which this Alteration 
1its Direction is made, let 8 (Fig. 9.) repre- 
ent the Sun, the Circle XE Y the Earth, AB 
he Plane of the Ecliptic, EL the Axis of 
„which we will now ſuppoſe to paſs through 
he Center of the Earth, and let PQ denote 
he Axis of the Earth. On the Surface of 
the Earth, and round the Points E and L, 
et us conceive the two ſmall Circles P TX 
md QV Y to be deſcribed. Then if at any 
Time the Pofition of the Earth's Axis is in 
the Line PQ, as we have ſuppoſed, after ſe- 
r2ral Revolutions of the Earth about the Sun 
t hall be found in the Situation CD; and af- 
er ſeveral more Revolutions it ſhall be re- 
moved into the Situation TV, Sc. the one 
Pole of the Earth deſcribing the Circle PCTX, 
and the other QDVY : So that notwithſtand- 
nz this Change in the Direction of the Axis 
of the Earth, its Inclination to the Plane of 
the Ecliptic remains the ſame, the Poles of 
ne Earth being every where at the ſame Diſ- 
ance from E and L, the Poles of the Eclip- 
ic. But this Motion of the Poles is fo very 
low, that they do not perform their Revo- 
lion in leſs than 2 5,920 Years, which. is at 
W'ic Rate of one Degree in 72 Years, It 
performed in a Direction contrary to that 


of 
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of the Order of the Signs, or from Eaſt tg 
Weſt. Which is termed, by Aſtronomers 2 
moving in Antecedentia ; whereas when a Body 
moves according to the Order of the Signs, it 
Motion is faid to be in Conſequentia. 

From hence it follows, that the Solſtitial 
Colure, which paſſes both through the Poles of 
the Ecliptic and of the Earth, muſt neceſſi- 
rily turn round the Axis of the Ecliplic in 


the ſame Direction, or contrary to the Order | 


of the Signs; and with that the Equinoiil 
Colure alſo, becauſe theſe croſs one another 
at Right Angles in. the Poles of the Earth, 
Whatever Star therefore the Equinoctial Points 
are directed towards at any particular Time, 
after 72 Years they will not be directed to 
the ſame, but to ſome other Star or Point of 
the Heavens, fituated one Degree towards the 
Weſt. This Motion of the Equinoctial Points 
is called their Preceſion. And from hence 
the Stars ſeem to move towards the Eaſt, and 
thereby to have their Longitude (which is al- 


ways reckoned upon the Ecliptic from the 


vernal Equinoctial Point) increaſed. The Con- 
ſtellations therefore ſeem all to have deſerted 


the Places allotted to them by the firſt Aſtrono- 
mers. For Inſtance, the Beginning of the Sign 

Aries, which was near the vernal Equinoc- 
tial Point, and gave Name to that Point of 
the Ecliptic, is now advanced about an whole 


Degree forwards: So that Aries is now 5 ö 
auris | 
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Taurus uſed to be; Taurus where Gemini, &c. 
But to avoid Confuſion, Aſtronomers have 
thought fit to let the ſeveral Portions of the 
Ecliptic, where theſe Conſtellations were at 
ficſt obſerved to be, retain their old Names (c); 
ſo that the vernal Equinoctial Point is ſtill 
reckoned the firſt Degree of Aries (d). 


(:) Thoſe Portions of the Ecliptic, where the Conſtellations 
were at firſt, are called Auaſtra; thoſe where they now are, are 
diſtinguiſhed by the Title, of Ste/lata. 4 

4) The ancient Aſtronomers obſerving this Motion of the 
Fixed Stars, and not knowing how to account for it, concluded 
that they really had ſuch a Motion, and called the Time of an 
entire Revolution of them, Anus Magnus, or the great Year ; 
and imagined that when that great Year was ended, and the Stars 
reinſtated in their proper Places, all Things would begin to be 
cone over again in the World, not only in the ſame Order and 
Manner, but by the ſame Perſons they were done before. 

The Cauſes of this Preceſſion, as alſo of the Nutations above 
mentioned, will be accounted for when we treat of the Cauſes 
of the Motions of the Heavenly Bodies. 


CHAP, 
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Of the Phænomena which ariſe fn 
he Motion of the Earth, and if: 
the inferior Planets, Mercury ani ; 
Venus, 7 


Ince the Orbits of Mercury and Venus are 1 
included within that of the Earth, it ß“ 
evident neither of them can come to an Oppo- 
fition to the Sun; that is, they cannot appear 
in the oppoſite Part of the Heavens with reſpect 
to it, but muſt always accompany it in its ap- 
parent Motion through the Ecliptic, juſt as the 
Satellites of the primary Planets do in Reality 
accompany them. But whereas they perform 
their reſpective Revolutions about the Sun 
in Periods different from that of the Earth, it 
is obvious they muſt be ſometimes on one Side 
of the Sun, and ſometimes on the other, with 
reſpect to us; ſometimes be between the Sun 
and us, and ſometimes directly beyond it. 
When they are between the Sun and us, they 
are ſaid to be in their inferior Conjunction; 
when beyond it, in their ſuperior Conjunctiam; 
and when they appear to be removed the fartheli 
from the Sun, on either Side, they are then ſaid! 
to be in their greateſt Elongation, 


Ta 
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To illuſtrate this, let S (Fig. 10.) repreſent 
the Sun, ABCD the Orbit of one of the 
inferior Planets, ſuppoſe Venus; E the Place of 
the Earth in its Orbit; FG and HI a Portion 
of the Heavens. Then will A be the Place of 
its inferior, C that of its ſuperior Conjunction; 
in both which Caſes it will appear in the Hea- 
rens to be at K, which is the apparent Place 
of the Sun. When it is at B or D, where a 
Line joining its Center and that of the Earth 
touches its Orbit, it then appears at Ior H, and 
is ſaid to be in its greateſt Elongation, which is 
about 48 Degrees (4a). But this is liable to ſome 
Alteration 3 becauſe, as its Orbit is an Ellipſe, 
it is ſometimes nearer the Sun, and ſometimes 
farther from it, in its greateſt Elongation. 

From hence we ſee the Reaſon why the 
Planet Venus is ſometimes ſaid to be our 
Morning Star, and ſometimes our Evening Star : 
For after it has paſſed its inferior Conjunction 
with the Sun, and is aſcending towards its 
ſuperior one, it is all that Time on the Weſtern 
vide of the Sun, and therefore neceſſarily riſes 


(a) Hence the Diſtance of Venus from the Sun, with reſpect 
to that of the Earth from the ſame, is found. For if in the 
Triangle E BS, we take the Angle at E, when thatatB is a 
night one, the Proportion between the oppoſite Sides is had frox 
the known Rules of Trigonometry. The Reaſon why the Angle 
at B is not always a right one, is, becauſe the Orbit of the 
Planet is not a Circle, but an E/liphe. 

every 
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every Morning before it, and is then our Mor. 
ing Star. On the other Hand, while it de. 
ſcends from its ſuperior to its inferior Cy. 
jundtian, it is to the Eaſtward of the Sun, and 
therefore riſes and ſets after it; and appears tg 
us only in the Evening, after the Sun is down. 

Farther, altho' the Motion of the inferior 
Planets in their Orbits is direct, or according 
to the Order of the Signs, yet they frequently 
appear to be retrograde, or to move the con- 
trary Way; and ſometimes to ſtand filll 
When they are near their inferior Conjunctim 
with the Sun, they ſeem to move one Way ; and 
when near their ſuperior Conjunttion, they ap- 
pear to go another. And at the Time when 
their direct or progreſſive Motion is changing 
into a regreſſive one, or the contrary, they 
ſeem to ſtand ſtill, All which may be i- 
luſtrated in the following Manner. 

Let ABCD (Fig. 10.) repreſent the Orbit 
of the Planet Venus, S the Place of the Sun, 
E the Earth, F G a Portion of its Orbit, and 
HI the Sphere of the Fixed Stars, as before; 
and becauſe Venus moves faſter than the Earth, 
let us ſuppoſe the latter to ſtand ſtill, and the 
former to move with the Difference of ther 
Velocities: Then while Venus deſcribes that 
Portion of its Orbit that is repreſented by DAB, 
it will ſeem from the Earth to move from 


H to I in the Heavens, which is contrary to gin 


its real Motion, and to the Order of the 1. Hal 
an 
and 
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and in moving over the remaining Part of 
its Orbit, it will ſeem to paſs from I to H. 

And was the Earth really to ſtand ſtill, as we 
have ſuppoſed, it would be ſtationary, or ſeem 
to have no Motion either Way, at the Points 
B and D. 

But as the Earth does not ſtand ſtill, but 
continues to move on in its Orbit, 2 will 
not ſeem ſtationary exactly at the Points B and 
D; but during its Motion through a certain 
Part of its Orbit, as LM, where ſuppoſing the 
Lines EL and OM parallel to each other, 
their Orbits are ſo inclined to each other, that 
the Space LM ſhall be to the Space EO as 
the Velocity with which Venus moves is to 
that with which the Earth moves; for it is 
evident, that in that Caſe the Earth will paſs 
through E O, while Venus paſſes through LM; 
and therefore it will appear all the Time in the 
rot me Part of the Heavens, becaule the Diſtance 
un, between thoſe parallel Lines is nothing, when 
and compared to that of the Heavens. 

There is alſo another Particular to be taken 
Notice of with regard to the apparent Motion 
of the Inferior Planets, viz. that they do 
not ſeem to deſcribe the Ecliptic in the Hea- 
vens as the Sun does, but are obſerved to be 
bmetimes above and ſometimes below it. The 
Reaſon of this is, that their Orbits are in- 
clined to the Plane of the Earth's having one 
Half above it and the other below it, on which 

Vor. II. = Account 
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Account they interſect the Plane of the Eclip. 
tic in a Line that paſſes through the Center 
of the Sun (the Center of the Sun, as was 
obſerved above, being in the Plane of each 
Orbit.) This Line is called the Line of the 
Nodes; and the two Points of the Ecliptic, 
through which it paſſes when produced to the 
Heavens, are called the Nodes. Theſe Pla. | 
nets therefore never appear in the Ecliptic ex. Ml 
cept when they are in their Nodes, and in all Ml | 
other Parts of their Orbits ſeem to be more . 
or leſs diſtant from it, according as they ate 
? ſituated with reſpect to them and the Earth, 
But if we ſuppoſe them to be ſeen from the Ml j 
Sun, their greateſt Diſtance from the Ecliptic MW: 
will be when they are fartheſt remoyed from 
their Nodes. | 
Their Diſtances from the Ecliptic, as it 
would appear if ſeen from the Center of the 
Earth, is called their Geocentric Latitude; as 
it would appear from the Center of the Sun, is 
called the Heliocentric Latitude. 
There is a remarkable Phenomenon relating 
to the inferior Planets, which was not known 
to Aſtronomers, till diſcovered by the Tele- 
ſcope; and that is, that in their different Situ— 
ations with reſpect to the Earth, they aſſume 
different Phaſes, or Appearances, like thoſe of 
the Moon. Which may be explained in the 
following Manner, 
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Let A, B, C, D, (Fig. 11.) repreſent the 


Situation of one of the inferior Planets (Ven 
ſuppoſe) in ſeveral Parts of its Orbit, and let 
S be the Place of the Sun, and I that of the 
Earth in its Orbit K L: And if from the 
Center of the Sun to that of Venus in its 
ſcyeral Stations we draw the Lines SA, SB, 
Sc. reſpeRively; and at Right Angles to 
theſe the Lines MN, MN, Sc. theſe laſt 
Lines will repreſent Circles upon the Surface 
of the Planet, ſeparating the enlightened from 
the obſcure Hemiſphere. And if from the 
Earth to the Planet we conceive the Lines 
1A, IB, Sc. to be drawn, and at Right An- 
gles to theſe the Lines OP, OP, Cc. reſpect- 
n rely, theſe latter will repreſent Circles ſe— 

parating that Part of the Planet which is turned 
it Nowards us from that which is not. Theſe we 
ne may call Circles of Viſion. Now it is evi- 
dent, that when Venus is in its inferior Con- 
junction at A, the Circles MN and OP coin- 
ade, and no Part of the Planet beſides its un- 
Illuminated Hemiſphere is turned towards us; 
n which Caſe it is inviſible, unleſs it happens 
i that Time to be in or near the Plane of 
be. Ecliptic, which if it be, it appears as a 
pot upon the Surface of the Sun. When it 
has advanced in its Orbit as far as B, there 
za ſmall Part of the illuminated Hemiſphere 
cluded between the Lines OB and B M, on 
a Side the Circle of Viſion which is next 

M 2 the 


Let | 


3 


illuminated Hemiſphere turned towards us, 
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the Earth; in which Caſe, ſince by reaſon of 
its great Diſtance from us we cannot diſtin. 
guiſh the Convexity of its Surface, it appears 
as a flat round Surface, a ſmall Portion of 
which is illuminated, the reſt being dark; and 
ſo appears horned, like the New Moon (6), 
When it has arrived at C, then is Half its 


and it appears as a round Surface, Half of which 
is enlightened, and Half not. When it ha 
got to D, then is the greateſt Part of its illu- 
minated Hemiſphere turned towards us, and 
it appears as a round plain Surface almoſt | 
wholly enlightened, or what the Aſtronomers 
call gibbous. When it is in its ſuperior Con- 
junction at E, the Circles MN and OP coin- N 


(b) The Reaſon why Venus or any other Planet (the Moon | 
ſuppoſe) appears horned, when a ſmall Portion only of its illu - &. 
minated Hemiſphere is turned towards the Eye of the SpeQtator, 
will perhaps in ſome Meaſure appear from the Confideration on 
the 12th Figure. In which let ABCD repreſent the Planet Je. Cc 
nus, Or any other Body of a globular Form; which that it mightW the 
the better do, I have drawn ſome of thoſe Circles which ar 
uſually found on Globes deſigned to repreſent the Earth. Nov 


if Half this Globe be illuminated, and Balf be in the Dark ( 
and if only ſo much of the illuminated Part as is include tevi 
within the Space ABCE be turned towards the Eye, the remain chat. 
ing Part AEC D being obſcure, it is plain, that the illuminate Phat 
Part ABCE, when the whole Surface ABCD, by reaſon of the lone 
great Diſtance of the Globe, appears fat, muſt ſeem to be horned nom 
And apain, if the Space ABCE was a Portion of the dark He Vas ( 


miſphere, and AECD of the illuminated, 'tis certain that whe per; 
both are conſidered as makimg up one flat Surface, the illum 
nated Part mult appear convex, or gibbous, on the Side A E 

which is contiguous to the unilluminated Hemiſphere ABCE. 


cid 
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cide again, and the whole enlightened Hemi- 
ſphere 1s turned towards the Earth ; in which 
Situation the Planet, if not intercepted by the 
Body of the Sun, appears like the Moon at 
the Full. After which it puts on the ſame 
Appearances again, but in an inverted Order, 
till it arrives at A, where it is 7nv//ible, as be- 
fore (c). 

What has been here illuſtrated with regard 
to Venus, is to be underſtood in Reference to 
the like Phenomena of Mercury; only with 
this Difference, that the Orbit of Mercury be- 
ing leſs than that of Yenus, its greateſt Elon- 
gation is not ſo great as that of Venus, not ex- 
ceeding about 33 Degrees. Upon which Ac- 
count this Planet is rarely to be ſeen with the 
naked Eye. And as Mercury revolves round the 
dun in leſs Time than Venus does, its direct Mo- 
trons, Stations and Retrogradations, as alſo its 
Conjunctions with the Sun, ſucceed one ano- 
ther quicker than thoſe of that other Planet. 


(c) Before the Invention of the Teleſcope, when Copernicus 
revived the old Pythagorean Hypotheſis, it was objected to him, 
mat, according to that Scheme, Venus ought to aſſume the like 
khaſes with the Moon. To which he replied, that poſſibly 
ſome Means would be found out, whereby ſucceeding Aſtro- 
nomers would diſcover that it did fo, The firſt that obſerved it 
Was Galilzo, who thereby greatly confirmed the Truth of the 
Lpernican S yſtem. 


. 
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. 


Of the Phenomena which are owing 
to the Motion of the Earth, and that 
of the ſuperior Planets Mars, Ju- 


piter, and Saturn. 


H E ſuperior Planets do not always ſeem 

to accompany the Sun, as we have 
ſhewn in the foregoing Chapter that the 1n- 
ferior ones do; but are ſometimes in Conjunc- 
tion with it, ſometimes in Oppoſition ; and 
are liable, as was obſerved before of the Pla- 
net Mars, to be ſeen at any Diſtance from 
It, 
To illuſtrate this, let 8 (Fig. 13.) repreſent 
the Place of the Sun, ACE the Orbit of the 
Earth, N R M that of one of the ſuperior Pla- 
nets (ſuppoſe Mars) and let OP be a Portion 
of the Zodiac. Now fince theſe Planets per- 
form their Revolutions about the Sun in dit 
ferent Times from that wherein the Earth 
goes round its Orbit, it is poſſible, that when 
the Earth is at E, Mars may be at M, or it may 
be at N; in the former Situation, it is in Con- 
junction with the Sun, in the latter it is in 
Oppoſition: Or it may be at R, or at T, | 
| in 
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in any Situation with reſpect to the Sun and the 
Earth whatever. 

The ſuperior Planets have this in common 
with the inferior ones, big. that according as 
the Earth is ſituated with teſpect to them, they 
ſometimes ſeem to move torwards according to 
the Order of the Signs, ſometimes contrary to 
that Order ; and between the Times of their 
being thus direct and retrograde, they ſeem to 
ſtand ſtill, as ſhall be made evident by the fol- 
lowing Hluſtration. 

Things remaining as before in the thir— 
teenth Figure, ſince the Motion of the Earth 
is quicker than that of Mars, let it be ſup- 
poſed that Mars ſtands ſtill at N, and that the 
Earth is moving with the Difference of their 
Motions from B to C: It is obvious, that in 
this Caſe Mars will ſcem to pais from 0 
to P, which is contrary to the Order of the 
signs; but while the Earth is paſſing over 
the other Part of its Orbit, v:z. CAB, the 
Planet Mars would ſeem to move back 
again from P to O, even though it had no 
Motion of its own. Since then it is moving 
that Way all the Time, it neceſſarily ſeems to 
move according to the Order of the Signs ; 
tho' with this Difference, that it {ſeems to nove 
faſter than it would du were it not for the Mo- 
tion of the Earth in the mean Time. Ana- 
logous to what was obſerved of the inferior 
Flanets (ſince Mars does not ſtand (till, as we 


M 4 have 
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have ſuppoſed) it will not appear to be Station. 


ary when the Earth is at B and C, but during 
the Motion of the Earth through a Certain 
Part of its Orbit, as L H, which ſuppoſing 
the Lines LN and HI parallel, is to the Por. 
tion of Mars's Orbit N I (through which that 
Planet is moving at the ſame Time) as the Ce- 
lerity with which the Earth moves is to that of 
Mars. 

What was ſaid in reſpe&t of the inferior 
Planets, that they do not . appear in the 
Ecliptic, holds aiſo with regard to the ſupc- 
rior ones. For their Orbits are alſo inclined 
to that of the Earth, one Side of them being 
above, and the other below it ; fo that tho: 
have alſo their Heliocentric and 8 La- 
titudes as well as the other, and are never to be 
ſeen in the Ecliptic, but when they are in their 
Nodes. 

What has been illuſtrated with regard to 
Mars, is applicable to the other two ſuperior 
Planets, only with this Difference; that the 
Motion of Sr is more frequently changed 
from progretiive to regreffive, than that of Ju- 
puter ; as alſo its Oppoſitions and Conjunc- 
tions with the Sun are more frequent. The 
Reaſon of this is, becauſe as Saturn moves 
much flower than Jupiter, the former is more 
frequently overtaken and paſs'd by by the Earth 
than the latter. And as theſe Phenomena hap- 
pen oltener in Saturn than in Jupiter, OM 

| | 0 
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do more frequently in Jupiter than in Mars for 
the ſame Reaſon. 

go ſmall is the Diſtance of the Earth, with 
reſpe&t to that of Jupiter and Saturn, from 
the Sun, that in whatever Part of their Orbits 
they be ſituated with reſpe& to the Earth, 
that Side of them, as to Senſe, which is turn- 
ed towards the Sun, is always towards the 
Farth ; on which Account they always appear 
to us as ſhining with a full Orb. But it is not 
ſ with reſpect to MAars; for ſince that Planet 
3 not much farther removed from the Sun than 
the Earth, it is obvious that that Side of it 
which 1s turned towards the Sun will not al- 
ways be towards the Earth. For Inſtance ; 
though when Mars is at N, and the Earth at 
A or E, its illuminated Hemiſphere is directly 
owards the Earth, yet it is turned away from 
it conſiderably when the Earth is at Bor C; 
t which Time therefore it appears to want 
ſomething of its uſual Rotundity, or to be Gib- 
bus like the Moon, a little before or ſoon after 
d che Full. 
-s the inferior Planets Mercury and Venus 
c- lere their reſpective Elongations from the Sun 
ne Ihen ſeen from the Earth; ſo the Earth, if 
ve imagine it to be viewed from the ſuperior 
Panets, hath alſo its Elongation from the 


th Fun. But this being a Phenomenon, which 
2p- {as not happened to our Aſtronomers to ſee, 
ney Ney give it a different Name, and call it when 
do 


a 
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at the greateſt, from a Phænomenon in the fi. 


perior Planets depending upon it, the ParalluM . 
of the Semidtameter of the Earth's annual Or; t 
in thoſe Planets: By which is meant, the Dif. © 
ference between the Place in the Heavens the 
Planet would appear in if ſeen from the Cer. Ml 
ter of the Sun, and that in which it would 2. f 
pear if ſeen from the Center of the Earth, ©: 
when at its greateſt Elongation from the Sun in 
with regard to that Planet. To explain thi, Ml 
let IN be the Place of the Planet, and B tha 
of the Earth in its greateſt Elongation from the 4 
dun, as ſeen from that Planet. Then will the 
apparent Place of the Planet as ſeen from the — 
Sun (that is, its true or Heliccentric Place) be * 


Q, but its Geocentric or apparent Place as ſeen 
from the Earth, will be O. Now becauſe the 
Arch QO ſubtends an Angle (viz. QN0) 
at the Planet which is equal to S NB, is. 
that which S B, the Semidiameter of the Earth 
annual Orbit, ſubtends, the above-mentioned 
Difference in the apparent Situation of the Pla- 
net is called the Parallax of the Semi diameter if 
the Earth's annual Orbit in that Planet (a). 


This 


(a) Hence, as was obſerved of the inferior Planets, the Dil. 
tances of the ſuperior ones from the Sun, with reſpect to that 
of the Earth from thence, may be found. For in the Ti 
angle 8 BN, all the Angles being known, the Relation between 
the two Sides BS and SN is had by the known Roles of Trigo- 


zometry, The Angle SNB is had from immediate Obſervation, 
Fl 
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S This Angle in Mars 1s but 42 Degrees, in 
Y 7upiter not above 11: In Saturn it is but the 
fourth Part of the greateſt Elongation of Mer- 
cury ſeen from the Earth, vig. about fix De- 
grees. So that ſince Mercury by reaſon of its 
Nearneſs to the Sun is rarely ſeen by us, in all 
Probability the Aſtronomers in Saturn (if there 
be any) do not know that there is ſuch a Body 
in the Univerſe as our Earth. 


23 being ſubtended by an Arch in the Heavens between the ap- 
parent Place of the Planet and that of the Sun. The Angle 
at N js equal to the Difference between the real and apparent 
Place in the Planet ; the firſt of which is found by Computation, 
the latter by Obſervation. In Jupiter, the beſt Way of finding 
that Angle is from his Satellites, the Method of doing which 
ſhall be ſhewn when we have conſidered the Phenomena of 
thoſe Planets. | 
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CHAP vii 


H Aving now finiſhed what relates to the 
Phenomena of the Primary Planets, 
we procced to conſider thoſe which are ow- 
Ing to the Motion of the Secondary ones ; and 
Di. irſt of the Moon, which is the conſtant and 
y Attendant of the Earth, and is always 
teen Jo near it, that if the Earth and the Moon 
Trig ere viewed together from the Sun, the 
— Moon 


This 
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Moon at ſuch Time as it would appear the fu. 
theſt from the Earth would not ſeem to be at: 
greater Diſtance from it than what is equal t 
one Third Part of the Breadth of the Sun'; 
Body, as it appears to us. 

Since the Moon is an opake ſpherical Body, 
and revolves about us in ſuch Manner as t 
paſs between the Sun and the Earth, it is 
abſolutely neceſſary it ſhould put on differ. 
ent Appearances, according to its various 
Poſitions with reſpect to the Sun and the 
Earth; its illuminated Hemiſphere being con- 
ſtantly turned towards the Sun the Foun- 
tain of Light, and for that Reaſon ſometime 
a greater and ſometimes a leſs Portion of it 
turned towards us. To ſhew this, little need 
be ſaid, after ſo full an Explication of the 
ſeveral Phaſes of Venus, as was delivered in 
Chap. VI. 

When the Moon is between the Earth and 
the Sun, that is, in Conjunction with the Sun, 
its whole illuminated Hemiſphere is turned 
from us, in which Station it is ſaid to be 
New); afterwards when by its Motion in it 
Orbit it emerges out of the Sun's Rays, 4 
ſmall Portion of that Hemiſphere which | 
turned towards the Sun is alſo turned towards 
the Earth, and then (as was obſerved of Yen) 
the Moon, by reaſon of its great Diſtance 


from us, appearing as a flat Surface, one Edge 
9 
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of that Surface appears brighter than the reſt 
of it, and ſo the Moon in this Situation ap- 
pears horned ; and becauſe it moves from Eaſt 
to Weſt, as was obſerved above, it at this Time 
appears tO the Eaſtward of the Sun; upon 
which Account it ſeems to follow the Sun in 
its daily Courſe, riſing and ſetting after it. 
When the Moon is got to a Qyaritle Afped, 
as Aſtronomers call it, (that is, to the Diſtance 
of a Quarter of a Circle in the Heavens from 
the Place of the Sun) then is Ha'f of its il- 
luminated Hemiſphere turned towards us, and 
Half from us, in which Caſe it appears to us 
a plain round Surface half illumiiiated, and 
half not. When it has advanced a little far- 
ther in its Orbit, and got farther from the Sun, 
more of its illuminated Hemiſphere becomes 
viſible to the Inhabitants of the Earth, whence 
It appears like a plain round Surface, ſome- 
what defective of Light on that Side which 


wis from the Sun, and is ſaid to be Gibbous. 
* When it comes to an Oppoſition with reſpect 
1 


* to the Sun, it then turns the ſame Side di— 

rely towards the Earth that is towards the Sun, 
n which Time it appears to us wholiy enlight- 
1 ened, and is therefore called the Full Moon. 

And as it performs the other Part of its Re- 
rolution, it aſſumes firſt a g7bbous, then an 
balved, afterwards an horned Face; and when 
t arrives at its Conjunction with the Sun, it 
- dilappears 
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diſappears for a while, the obſcure Part only 
being turned towards us, as before, 
When the Moon is horned, the darker He. 

miſphere, or that which is turned from the 
Sun, has a faint Light diffuſed over it, ſufh- 
cient to render it viſible. This Light is owing 
to a Reflection of the Sun's Rays from the 
Surface of the Earth to that Part of the Moon, 
For as the Moon when at the Full, by means 
of its enlightened Hemiſphere which is then 
turned towards the dark Side of the Earth, 
ſhines-upon it, and affords a certain Degree 
of Light; ſo the Earth, when the Moon is 
at the New, has its enlightened Hemiſphere 
(or that Side where it is Day) turned to- 
wards the obſcure Hemiſphere of the Moon, 
and enlightens that, but in a much greater 
Degree than the unilluminated Hemiſphere of 
the Earth (or that Side where it is Night) 
is enlightened by the Full Moon; the Earth 
being conſiderably larger than the Moon. 80 
that as that Body is a Moon to us, our Earth 
is a much larger and more luminous one to 
that. 

The Time in which the Moon performs 
one entire Revolution about the Earth from 
any Point of the Zodiac to the ſame again, 1s 
called a Periodical Month. This Month con— 
ſiſts of 27 Days, 7 Hours, and 43 Minutes. | 
But the Synodical Month, which is the Time 
the Moon takes up in paſſing from one Con- 
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junction with the Sun to another, is larger 
nan this by about two Days and 5 Hours. 
he Reaſon of this 1s, that while the Moon 
6 paſſing from one Conjunction to another, 
he Sun by means of the Earth's Motion in 
+ Orbit, is in Appearance advanced towards 
the Eaſt; ſo that when the Moon comes round 
» that Part of the Heavens where the Sun 
vas at the foregoing Conjunction, it is not 
hen in Conjunction with it again, but has 
ich a Portion of the Heavens to deſcribe, as 
tkes up ſo much more Time, as, being added 
o the Periodical Month, makes it up 29 Days, 
12 Hours, 44 Minutes, and 3 Seconds; which 
the Synodical, But perhaps the 14th Figure 
wy make this clearer: In which let S re- 
reſent the Sun, E the Earth moving in its 
Orbit AB from A towards B, and let MN © 
jenote the Orbit of the Moon, and M its 
Face therein when in Conjunction with the 
un. Now while the Moon deſcrives its Or- 
t MN O, let it be ſuppoſed that the Earth 
dvances in its Orbit from E toe, in which 
aſe the Moon's Orbit will be found at #2 7 0, 
nd the Point M will be at u in the Line 
6 if we ſuppoſe it parallel to ES. And there- 
ore when the Moon comes to m, it will 
ave performed an entire Revolution about its 
orbit; but will not be in Conjunction with 


de Sun, but has ſtill the Arch wp t deſcribe 
| 4 before 
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before it reaches that Point of the Heaven; 
which the Sun will then appear to be. 

The Plane of the Moon's Orbit is not ct 
cident with that of the Earth, but makes yi 
it an Angle of about 5 Degrees, cutting it j 
two Points oppoſite to each other, alter th 
ſame Manner as the Equator and the Ech 
tic were obſerved to cut each other; ſo thatth 
| Moon does not ſeem to deſcribe the Eci 

in moving round its Orbit, but one Half d 
the Way it declines towards the North, th 
other Half towards the South. The two Point 
where the Moon's Orbit paſſes through th 
Plane of the Ecliptic, are called the Nis 
and a right Line drawn from one of thel 
Points to the other, will paſs through the Cen 
ter of the Earth, (that being in the Plane 
the Moon's Orbit as well as in that of its ont 
and is called the Line of the Nodes. Tha 
Node through which the Moon paſſes fron 
the South Side the Ecliptic to the Northen 
is called the Aſcending Node; the other thc 
which it pailes from the North to the Saul 
Side is called the Deſcending Node (a). 

The Extremities of the Line of Noars ar 
not always directed towards the ſame Point 
of the Ecliptic, but continually ſhift the c 
Places from Eaſt to Weſt, or contrary to tl 


(a) Aſtronomers often expreſs the former of theſe Nodes b 
this Mark 8, which they call the Dragon's Head; the latterÞ 
S, which they call the Dragon's Tail, Ocd 

1 * 


Chap. VIII. o&f the Moon. 193 


Order of theſe Signs; performing an entire Re- 
volution about the Earth in the Space of ſome- 
thing leſs than 19 Years. _ 

As was obſerved of the primary Planets, the 
Moon alſo moves not in a Circle, but in an 
Ellipſe, one of whoſe Foc: is in the Center of 
the Earth. And the Linea Apſidum of it is 
not carried along with the Earth in a Direction 
parallel to itſelf, but continually turns round 
the Center of the Earth through which it 
aſſes from Weſt to Eaſt, or according to the 
Order of the Signs, in the Space of about 9g 
Years. 

The Moon being ſubject to the Influence of 
the Sun as well as the Earth, it is not only 
liable to various Irregularities in its Motion, 
but its Orbit is wont to put on different Forms 
and Motions, all which depend on its Situation 
with reſpect to thoſe two Bodies. They are 
theſe that follow, 

I. The nearer the Moon is to its Syzygres, 
(that is, its Conjunction or Oppolitioa with the 
sun) the greater is its Velocity; and the nearer 
it is to the Quadratures (that is, the firſt and 
laſt Quarter) the ſlower it moves (6). 

II. It does not deſcribe Areas proportionable 
to the Times, except in the Quadratures and 
Conjunctions. 


(e) This Irregularity was obſerved by Tycho Brabe, who gare 
it the Name of the Moon's Variation. 


oa Vor. II. F II. 
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III. Its Orbit is ſomewhat more curved in 
the Quadratures, than it would be if the Moon 
were only influenced with the Earth; and leſs 
curved in the Syzygies, the Moon running off 
farther from the Earth in the Quadratures than 
in the Syzygies. 

IV. When the Earth is in its Petihelion, 
(that is, in that Part of its Orbit which i; 
neareſt the Sun) the Periodical Time of the 
Moon is greater than when it is in its Aphelion, 
or fartheſt from the Sun: So that the Lunar 
Months of one Part of the Year exceed thoſe 
of another. 


V. The Linea Apfidum of the Moon's Or- 


bit goes forwards when the Moon is in the Sy- 


zygies, and backwards when in the Quadra- 

tures; but it goes farther forwards than back- 

wards every Time, fo that at length it revolves 
ite round, as obſerved above. 

VI. The Excentricity of the Moon's Orbit 
is greater and leſs in every Revolution of the 
Moon ; it is greateſt when the Moon is 1n the 
Syzygies, and leaſt when it is in the Qua- 
dratures: And conſequently while it paſſes 
from the Quadratures to the Syzygies, it 
is increaſing ; and while it paſſes from the 
Syzygies to the Quadratures it is diminiſhing 
And if we compare ſeveral Revolutions of the 
Moon together, its Orbit is the moſt Excen- 
trical when the Situation of it is ſuch, that 


the Linea Apſidum is in the Syzygies, and 2 
| When 
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when in the Quadratures. So that when both 
the Moon and the Linea Apfidum of its Orbit 
are in the Syzygies, its Excentricity ſhall be 
half as great again, as when they both happen 
to be in the Quadratures. 

VII. The Line of the Nodes does not mdve 
uniformly backwards, that is, contrary to the 
Order of the Signs; but when it is in the Sy- 
zygies it ſtands ſtill, and moves the faſteſt of 
all when in the Quadratures. 

VIII. The Inclination of the Lunar Orbit to 

the Ecliptic (c) is alſo liable to Change; it is 
greateſt when the Nodes are in the Syzygies, 
: and leaſt when they are in their Quadratures. 
1 All theſe Irregularities are greater when the 
5 Earth is in its Perihelion, than when it is in its 
Aphelion; and alſo greater when the Moon 
” W i in Conjunction with the Sun than in Op- 
poſition. 

There is another Particular in the Moon's 
Motion, which is by ſome reckoned among 
its Irregularities; which is, that it moves 
faſter in its Perigeon, than in its Apogeon ; 
but this is not owing to any Perturbation in its 
Motion arifing from the Influence of the Sun ; 


e) Some Aſtronomets meaſure the Inclination of the Moon's 
Orbit to the Ecliptic, not from the Ecliptic, but from a Per- 
pendicular to that, and ſo call its Inclination 85 Degrees inſtead 
of 5. Ard fo of the Inclination of the Equator to the Ecliptic ; 
teckoning that 66 Degrees and an Half, and not 23 and an 
Half, as is the moſt uſual Way. 


N 2 I 
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but is common to all the Planets, and is occa- 
fion'd only by its deſcribing equal Areas in 
equal Times in an elliptical Orbit, as the other 
Planets do. 

All theſe Irregulaiities obſervable in the Mo- 
tion of the Moon naturally flow from the Sup. 
poſition, that the Earth and the Moon are re. 


tained in their Orbits by Gravity, in the Man. 


ner laid down and explained in the Introduction 
to this Part, as will appear when we have con- 
ſidered the Phyſical Cauſes of the Motion of 
the Heavenly Bodies. 

The only uniform Motion the Moon 
has, is its Rotation about its Axis, which it 
performs the ſame Way, and in the fame 
Time, that it does its Revolution about the 
Earth. The Conſequence of this would be, 
that if its Revolution in its Orbit were per- 
formed with an uniform Celerity, and that 
Orbit were a Circle having the Earth in its 
Center, and alſo if the Axis of the Moon 
were perpendicular to the Plane of that Or- 
bit, the Moon would in all Poſitions turn ex- 
actly the ſame Side towards the Earth. This 
is fo obvious as to need no Illuſtration. But 
ſince its Motion in its Orbit is not uniform, 
nor its Oibit a Circle, neither its Axis pet— 
pendicular to the Plane thereof, the Moon 
does not keep the ſame Face exactly towards 
us, but turns it a little, firſt one Way, then 
another; appearing thereby ſubje& to a wh 
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fold Libration, vis. from Eaſt to Weſt, and 
from North to South: To the one of which 
the two firſt Cauſes above-mentioned concur ; 
the other is owing to the third. And firſt 
to illuſtrate that Libration which is from 
Eaſt to Weſt. Let the Elliptical Orbit BB B 
(Fig. 15.) repreſent that of the Moon, let E 
be the Place of the Earth, und let the Circle 
ABCD repreſent the Mouon in its Apogeon 
at A; and for the preſent, let as ſuppoſe 
the Axis of the Moon perpendicular to its 
Orbit. Then becauſc its Motion about its 
Axis 15 uniform, and its Motion from its 
Apogeon the {loweſt of all; it is evident, that 
at the Time when it has revolved a Quarter 
of the Way round its Axis, and obtained, 
ſuppoſe the Situation F B C D, it will not have 
advanced a Quarter Part of the Way through 
Its Orbit ; and therefore the Face B C D, which 
was turned towards the Farth at firſt, cannot 
now be turned to I the Center of the Ellipſe, 
much leſs to E the Place of the Earth, but 
to ſome other Place, as K, on the other Side 
the Center : But when it has advanced to G, 
the ſame Face BCD will be turned towards E, 
that was when the Moon was at A; becauſe as 
it has advanced half through its Orbit, it has 
advanced half round its own Axis. Again, 
as it moves quicker in that Part of its 
Orbit, that is near its Apogeon, it will have 
ptocceded above a Quarter Part of the Way 

N 3 through 
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through its Orbit, and ſo will have got into 
the Situation HB CD ſuppoſe, when it has 
turned a Quarter round its Axis; and that 
Part of the Moon which was viſible when 
the Moon was at A, will be turned towards 
K, as it was when the Moon was at F. 
And it is obſervable from the Figure, that 
the Face BCD, which was turned directly 
towards the Earth at E, when the Moon 
was either at A or G, is, when the Moon is 
at F, turned to the Right, or towards the 
Weſt, with reſpect to a Spectator viewing 
it from E; but to the L/, or towards the 
Eaſt, when the Moon is at H. And this is 
the firſt Kind of Libration which was to be 
explained. As to that which is from North 
to South, it may be thus illuſtrated. Let H! 
(Fig. 16.) repreſent the Plane of the Moon's 
Orbit, being ſuppoſed to be ſeen edgeways; 
let E be the Place of the Earth, and let the 
Circle A M Bm repreſent the Moon, the Line 
AB being its Axis, and M one of the 
Parallels of its Equator; and when the Moon 
is at E, let the Point M be that which is 
turned directly towards the Earth. Now when 
the Moon has revolved half round its Axis, 
which will be when it has got to I the op- 
polite Point of its Orbit, the Point M will 
be found at mn; but becauſe of the Paral- 
leliſm, of its Axis, not this, but ſome other 
Point, as N, is that which is turned directh 

towards 


Chap. VIII. of the Moon. 199 


towards the Earth at E, ſo that to a SpeQator 
at E, the viſible Part of the Moon librates 
from North to South, and returns to its Place 
once in each Revolution, one of the Poics as 
A being only viſible, when the Moon 1s in one 
Part of its Orbit, ſuppoſe at I, and the Pule B 
only when it is at H; becauſe the Circle re- 
preſented by the pricked Line CD terminates 
the View of a SpeCtator at E, in either Situa- 
tion of the Moon (a). 

As to the Surface of the Moon, whoever 
views it with a good Teleſcope, will perceive 
ſome Parts of it ſhining very bright, while 
others are as dark and obſcure. The brighter 
Parts are thought by ſome to be Land, 


(a) It may be worth conſidering here, what Kind of Mo- 
tion the Earth ſeems to have to the Inhabitants of the Moon, 
if any ſuch there be. And firſt, we will ſuppoſe that the 
Hemiſphere, the Moon turns towards us, is always exactly the 
ſame. In this Caſe it is evident, that to ſuch as live in the 
Middle of that Hemiſphere, the Earth muſt always ſeem to 
be directiy over their Heads; becauſe a Line drawn from the 
Center of the Moon through the Place where they are, would 
pals through the Earth: And to ſuch as live at the Extremity 
of that Hemiſphere, the Earth muſt always appear in their 
Horizon, But ſince the Moon, as ſeen from the Earth, has 
theſe libratory Motions above-mentioned, it is impoſſible that 


| the Earth ſhould always appear directly Vertical to the one, 


cr in the Horizon of the other; but muſt ſeem always nearly 
2t the ſame Degree of Elevation ; continually ſhifting its Si- 
tuation from Eaſt towards the Weſt, and from Weſt towards 
the Eaſt, and at the ſame Time from North towards the South, 
and from South towards the North, according as the Libra- 


= of the Moon, as ſeen from the Earth, is made in that 
ime, 


the 
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the other Water; becauſe leſs Light is re- 
flected from Water than from Land. But 
K-il! is of Opinion, that ſome of thoſe darker 
Places may be occaſioned by the Shadows of 
higher Places falling upon them, and others 
may conſiſt of 2 Soil of a darker Colour, 
that reflects leſs Light than the reſt (5). How: 
ever this be, it 1s moſt certain, that there 
are Mountains in the Moon, and thoſe very 
high ones. For when the Moon 1s viewed 
through a Teleſcope, the Line which ſepa- 
rates the illuminated Hemiſphere from the 
dark one does not appear ſtrait when the 
Moon is Halved, or uniformly bent when it 
is horned or g:bbous, as when we view it 
with the naked Eye; but ſeems jagged, 
broken, and uneven; which evidently ſhews 
that its Surface is ſo too: For if its Surface 
were ſmooth and even, no Reaſon could be 
given why the Light of the Sun ſhould not 
reach as far in one Place as another. But 
the Boundary of Light and Darkneſs in the 
Moon is not only thus jagged and uneven, but 
ſome Parts even within the darkened Hemi 
iphere, that lie near the Edge of it, are en- 
lightened by the Rays of the Sun long before 
uch as lie nearer the illuminated Hemiſphere, 
and continue fo till after the Parts about them 
are in the Dark, Theſe therefore can be no 


(>) See his Atronomy, Le, X. 


other 


her 
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other than the Tops of high Mountains, on 
which the Sun ſhines as it does on thoſe on 
Farth, both before and after it is viſible in the 
Valleys below. The perpendicular Height of 
z very remarkable Mountain in the Moon, 
called St. Katharine (c), has been found by 
Menſuration to be nine Miles, which is three 


Times that of the higheſt Mountain we have 
upon the Earth (d). 


(e) See the Names Aſtronomers have diſtinguiſhed the Parts 
of the Moon by, in a Figure annexed to the Lecture referred to 
in the foregoing Note. F 

% The Method of meaſuring the Height of a Mountain in 
the Moon is this : Let ABDE (Fig. 17.) repreſent the Moon, 
C its Center, S A a Ray of Light from the Sun, ABD the illu- 
minated Hemiſphere, AED the dark one, F the Top of a 
Mountain beginning to be illuminated, Then with a Teleſcope 
in which there is a Micrometer fixed, let the proportional 
Lergths of the Lines FA and AD be taken. Then becauſe the 
real Length of the latter, which 1s the Diameter of the Moon, 
„ known, the true Length of the former will alſo be had. 
Since then the Line SA F is a Tangent to the Moon, the Tri- 
angle FAC will be a right-angled one, and FC will be its Hy- 
pothenuſe, whoſe Square being equal to the Squares of the 
o.her two Sides, it may from thence be alſo known. Now if 
from this we ſubſtract the Semidiameter of the Moon, the Re- 
mancer is the perpendicular Height of the Mountain 
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CHAP. IX. 
Of the Eclipſes of the Sun and 150 
Moon. 


N Eclipſe is a Deficiency of Light in ſome 
of the heavenly Bodies, occaſioned by 
the Interpoſition of ſome other between that 
and the Sun. Thus when the Moon paſſes 
through the Shadow of the Earth, it being by 
that means deprived of the Sun's Light, loſes 
its Brightneſs, and is then ſaid to ſuffer an 
Eclipſe. So when the Moon is interpoſed be- 
tween the Sun and the Earth, the Sun beingin 
Appearance deprived of its Light, is faid to be 
eclipſed ; though it is the Earth which is pro- 
perly ſo, that, and not the Sun, being the Body 
where the Light is wanting. 2» 

One primary Planet is never eclipſed by 
the Interpoſition of another; becauſe they 
are ſo ſmall with reſpect to the Magnitude 
of the Sun, that the Shadow of any one of 
them ends in a Point before it reaches the 
Body of another. Thus when the Earth is 
interpoſed between Mars and the Sun, its 
Shadow vaniſhes before it reaches to Mars. 
And even when the Moon is interpoſed be- 
tween the Sun and the Earth, if the Earth be 


in its Peribelion, and the Moon in its Afogeon 
= 
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it that Time, the Shadow of the Moon will 
not reach the Earth, and ſo the Moon will not 
ſeem to cover the whole Body of the Sun, but 
pear as a large dark Spot, ſurrounded with a 
Circle of Light proceeding from the Limb or 
Edge of the Sun, | 

From what has been obſerved it appears; 
that there can be no Eclipſe of the Moon, 
but when the Earth is interpoſed between it 
and the Sun, that is, at the Time of its Op 
poſition, or when it is Full; nor any of the 
dun, except when the Moon is between the 
Earth and the Sun, that is, at the Time of 
ts Conjunction with the Sun, or when it is 
New. And the Reaſon why theſe Eclipſes do 
not happen at every New and Full Moon, is, 
becauſe, as was obſerved above, the Plane of 
the Moon's Orbit is inclined to that of the 
ly Earth's, ſo that the Moon 1s ſometimes above 
e Ecliptic, and ſometimes below it, at the 
D) MY Time of its Conjunction with, or Oppoſition 
© Wto the Sun, in which Caſe the Shadow of the 
one paſſes above or below the other (a). 


ow 


(a) It is not requiſite to conſtitute an Oppoſition or Con- 
15 nction of a Planet with the Sun, that it be in a right Line 
its that paſſes through the Sun and the Earth; it may be in any 

Degree of Latitude it is capable of, and is nevertheleſs ſaid by 

. Atronomers to be in Conjunction or Oppoſition with the Sun, 

he-W provided it be in the ſame Part of the Zodiac, that is, if it have 

YE tie lame Degree of Longitude therewith. 


The 
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The only Time therefore in Which Eclipſa 
either of the Sun or Moon can happen, muſ 
be when the Nodes are in or near the Syzy. 
gies, that is, when the Line of the Nodes point 
towards the Sun. Now if the Line of the 
Nodes always pointed towards the ſame Point 
the Heavens, or remained parallel to itſelf 
chen the Sun appearing by means of the Earth. 
Motion to run through the Ecliptic once a 
Year, it is obvious that one of the Extremities 
of this Line would point towards the Sun each 
Half Lear: But ſince this Line has a flow Mo- 
tion contrary to that of the Sun, by which it te- 
volves round in nineteen Years, as obſerved 
above, it meets the Sun with one or the othe 
Extremity before it has got quite half round, 
and fo points towards it twice in ſomewhat 
leſs than Half a Year: So that it ſometimes 
happens that it points towards the Sun thres 
Times within the Space of a Year, which is a 
oft as poſſible. And it frequently happens, that 
the Sun being in its Approach towards one 
of the Nodes at the Time of the New ol 
Full Moon, and near enough to occalion 2 
Eclipſe then, the Moon ſhall get about to thi 
other Node, before the Sun be too far re 
moved from the former, and ſo there will b 
another Eclipſe then. Upon which Accouniilh 
it is poſſible there may be two Eclipſes, whit 
the Sun is paſſing by either Extremity of thi 
Line of the Nodes; the one of which Y 
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be at the New Moon) will be an Eclipſe of 
he Sun, and the other will happen at the next 

Full Moon, and will therefore be an Lclipſe 

Wi the Moon; or if the firſt be at the Full, 

me other will be at the New. But if the. 
Moon be within a Day or two of paſſing thro' 

one of its Nodes at the Time of its Conjunction, 

it will paſs by the other without ſuffering an 

Eclipſe there. | 

When it happens that the Moon is in one of 
its Nodes at the Time of its Oppoſition to the 

Sun, then is it faid to be centrally eclipſed, 

ts Center being then in a right Line with 

thoſe of the Sun and Earth. In this Caſe it 
x alſo totally eclipſed, every Part of it being hid 
from the Sun's Rays. But the Shadow where 
be Moon paſſes through, is about three Times 
% broad as the Face of the Moon, fo that it 
ray ſuffer a total Eclipſe, though it be at ſome 
MWiſtance from the Node at the Time of its Op- 
pition : An Eclipſe therefore may be 7otal, 
ben it is not a central one; but an Eclipſe of 
onWlthis Kind will be of ſhorter Duration than the 
former. Farther, if it be ſo far removed from 
the Node, that a Part of its Diſk only falls into 
Jie Shadow of the Earth, it is ſaid to be a 
furtzal Eclipſe, and is of ſhorter Duration than 
Wi former. If the Moon be above 13 De- 
grees from the Node, there is no Eclipſe. 


The 


206 Of the Eclipſes Part 1. 


The Duration of a central Eclipſe of gu 
Moon is about 4 Hours; the firſt of which 
is taken up in entering the Shadow, two mo 
it continues quite immerſed therein, and the 
fourth is ſpent in getting out. 

What is here ſaid, may be illuſtrated in the 
following Manner. Let AB (Fig 18.) te. 
preſent a ſmall Portion of the Plane of the 
Earth's Orbit ſeen edgeways, C D a Part of the 
Moon's Orbit, and let the Point where these 
Lines croſs each other be one of the Node, 
and E, E, &c. the Shadow of the Earth paſ. 
ing along the Ecliptic. If the Moon falls into 
the Shadow at N, it is both a total and centri 
Eclipſe ; if af O, it is total, but not central; 
if at P, the Eclipſe is only partial. And if the 
Moon is at Q at the Time of its Oppoſition, i 
then paſſes by the Shadow without being eclipſed 
at all (). 

As all opake Bodies when illuminated by 
the Rays of the Sun caſt a Shadow from them, 
ſo they have alſo a Penumbra, which is an 
imperfect Kind of a Shadow every where {ur- 
rounding the former, and growing larger and 


( We have hitherto ſuppoſed that the Shadow of the Eat 
reaches the Moon, as it would do, were it not for the Atmo- 
| ſphere of the Earth, which by refracting the Sun's Rays as the 
paſs through it towards the Earth, throws them into its Sta. 
dow; which refracted Rays falling upon the Moon render it u. 
ſible to us, altho' placed within the Limits of the Shadow, and 
is the Occaſion of that reddiſh Colour, with which the Moon 
appears at that Time, 

larger, 
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Jarger, as we recede from the Body, As the 
other is owing to a total Interception of the 
Rays of Light, this is occaſioned by a partial 
one. The 19th Figure will explain this 
better. 

Let ABCL repreſent the Body of the Sun, 
rr the Earth, and MN the Moon; and let the 
Lines AM, BM, &c, be drawn as in the Figure; 
then will the Space MN F G, within which 
none of the Rays can come, be the Shadow 
thereof, But it 1s evident that beſides this there 
re other Spaces, vig. MD E and ME F, Ge. 
thin which but Part of the Sun's Rays can 
ome; and the nearer thoſe Spaces are to the 
hadow, the leſs Light they are capable of re- 
tying. The Light which falls within theſe 
paces is called the Penumbra. | 

This being premiſed, we may proceed to 
onſider the different Kinds of Solar Eclipſes. 

The Moon being ſmaller than the Earth, 
nd having a conical Shadow, as being alſo leſs 
han the Sun, a very ſmall Part of the Surface 
f the Earth can be covered by the Shadow of 
he Moon at the ſame Time, though, as ob- 
ved above, the whole Body of the Moon 
ay be involved in that of the Earth; ſo that 
Eclipſe of the Sun is viſible but to a few In- 
Wabitants of the Earth, whereas one of the 
oon may be ſeen by all that live on that He- 
chere of the Earth that is turned towards it. 


In 
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In order to conſtitute a central Eclipſe q 
the Sun, it is not neceſſary that the Mey 
ſhould be exactly in the Line of the Node 
at the Time of its Conjunction; for it is ſuff. 
cient to denominate an Eclipſe of the Sun 
central, that the Center of the Moon be 
directly between the Center of the Sun ant 
the Eye of the Spectator; for to him the $y 
is then centrally eclipſed. But fince the She. 
dow of the Moon can cover but a ſmall Po. 
tion of the Earth, it is obvious this may hay. 
pen when the Moon is not in one of he 
Nodes. And not only this, but the Sun may 
be eclipſed centrally, totally, partially, and u 
at all, at the ſame Time. For Inſtance, when 
the Moon is interpoſed between the Sun and 
the Earth, to thoſe who live where the Cen. 
ter of the Shadow paſſes (as in the Mid 
between F and G in the laſt Figure) the Sm 
will be centrally eclipſed ; to thoſe who lire 
within the Shadow, but not in the Cente 
(ſuppoſe nearer to F than to G) rtl; tt 
thoſe who live in the Penumbra, as betwee 
F and D, or G and I, partially, and th: 
more or leſs as they live nearer or farther fro 
the Shadow; to thoſe who live withoul 
the Penumbra, as between D and K, t d 
aul. 

But as the Shadow paſſes along the ur 


face of the Earth, different Inhabitants, bs 
tnox 
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thoſe very. diſtant ones, will fee the ſame Kind 
aud Degree of Eclipſe, though not at the fame 


Hour (c). 


(%) For the Method of predicting Eclipſes, fee Keill's Aſtro- 
pomy, Lect. XIV. or Whifton's Aſtronomical Lectures, Le&. 
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07 „e Phenomena of the Satellites 25 


Jupiter and Saturn, their Eclipſe 
and Occultations: And alſo of 84. 


turns Ring. 


FT: HE Satellites of Jupiter. and Saturn 
þ are ſubject to the ſame Kind of Mo- 
tion with the Moon, except that their Or- 
bits, as far as can be collected from the Ob- 
ſervatians of Attronomers, are circular, or 
very nearly ſo; and therefore, if we ſuppolz 
them to be ſeea from their Primary ones, 
they will exhibit nearly the fame Phenomena 

All the Satellites of Saturm revoive about 
It in almoſt the ſame Plane, vs. that of 
ts Ring; excepting the fiſth, the Plane of 
our whoſe Orbit deviates a little therefrom: 'Thoftz: 
an of Jupiter move alſo in a Plane that is mw 


tho per to themſelves, and nearly coincident wit! 
Vor. It. O 3 
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that in which Jupiter itſelf moves about the 
Sun. 

Theſe Planets, viz. the Secondaries both 
of Jupiter and Saturn, when viewed from the 
Earth, appear to have their Progreſſions, their 
Stations, and Retrogradations independent gf 
thoſe of their Primaries; that is, when a Pri. 
mary is progreſſive, its Secondary may be re. 
greſſive, or otherwiſe ; and vice verſa. For in. 
ſtance, when a Secondary is beyond its Pri. 
mary, that is, in its ſuperior Conjunction with 
reſpect to the Earth, it ſeems to move accord. 
ing to the Order of the Signs; but when iti 
in its inferior one, it ſeems to move the con- 
trary Way; and when its progreſſive Motion i 
changing into a regreſſive one, the Planet ap- 
pears ſtationary. 

To illuſtrate this; let S (Fig. 20.) repreſent 


the Sun, I the Planet Jupiter or Saturn, B, 
the Orbit of one of its Satellites, and let EPF: 
be the Orbit of the Earth. While the Satellie 1! 
paſſes through O H B, the ſuperior Part of 8 « 
Orbit, it will appear from the Earth to more 1 
the ſame Way with its Primary; but while "i i: 
moves through the remaining Portion BLE 
it will ſeem to go the contrary Way; as is el th 
dent if we conſider that its Motion in its Ora 7 
is quicker than that of its Primary. fir 

Theſe Satellites and their Primary ones mu; at 


tually eclipſe each other in the ſame Many th 
0 1s 
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ner in which it has been ſhewn that the 
Earth and the Moon do. But there are three 
different Caſcs in which the Secondaries diſ- 
| appear to us. The one is, when a Secondary 
is ditectly behind the Body of its Primary 
with reſpect to the Earth ; this is called an 
Occultation of the Planet: Another is, when 
it is directly behind its Primary with reſpect 
to the Sun, and ſo falls into its Shadow, and 
ſuffers an Eclipſe, as the Moon, when the 
Earth is znterpoſe1 between that and the Sun: 
The laſt is, when it is interpoſed between 
the Earth and its Primary; for then it can- 
not be diſtinguiſhed from the Primary itſelf. 
All which may be illuſtrated in the following 
Manner. | 
While the Planet deſcribes OHB, the ſupe- 
en rior Part of its Orbit, it is capable of diſap- 
COM pearing twice; once when its Primary is in- 
Pr terpoſed between it and the Earth, as when 
ie it is at G or E, or ſome intermediate Point, 
according as the Earth is fituated at that 
Time; and alſo at H, where it is involved 
in the Shadow of its Primary. When the 
Earth is between F and Q or F and P, 
that is, when the Sun is to the Eaſtward of 
Jupiter, the Eclipſe of the Secondary happens 
firſt, dig. when it paſſes through the Shadow 
at H; and the Occultation afterwards, when 
the Planet lies hid at K. When the Earth. 
is between E and Q, or E and P, the Occul- 
O 2 tatio 
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tation is firſt, and the Ecliple afterwards. While 


it. paſſes through the inferior Part of its Orbit, 


it diſappears alſo, according to the Situation of 
the Earth, either at Dor C; or when it is be. 
tween thoſe Points, being directly between the 
Earth and its Primary, and therefore not di 


l 
tinguiſhable from the latter. When the Satel. | 
lite is at L in Conjunction with the Sun, its 
Shadow falls upon its Primary, and eclipfes . 
Part of its Diſk, in like manner as the Moon, . 
in the like Situation with reſpect to the Earth, . 
eclipſcs a Part of that (a). f 


A; a 


(a) From the Occultations and Eclipſes of the Satellites c 
Jupiter, three notable Problems are determined; wiz. 1. The Wi cf 
Parallax of the Orbit of the Earth in that Planet, ard theres WW to 
(as we obſerved Chap. VII. in che Notes) its Diſtance from te 1: 
Sun. 2. The fucceflive Propagation of Light; and, 3. Ti: ©: 


Longitude of Places upon the Earth. w 
1. The Method of finding the Parallax of the Orbit of tio: 
Earth, is this: Let the Interval of Time which lapſes between hi © 


the Middle of an Occoltation of one of the Secondaries, (up. 
poſe at G, and the Middle of its Eclipſe afterwards at l, 
which is the Time the Planet deſcribes the Arch G H in, be ob. 
ſerved. The Time then of its whole Revolution being knot, 
that Arch itſelf may be had, which is the Meaſure of the Angi 
GI, or its Equal EIS, which is the Parallax of the Orbit 
the Earth in that Planet. | 
2. If Light were #fartanrons, a Spectator at P won 
ſee an Eclipſe of one of the Sgcondaries of Jupiter, at tl 
ſame Lime that be would do if on the contrary Side the I! 
at Q. Bu: it appears from Obſervations, that when the Kart 
is at Q, thoſe Ecliples happen fooner, and that when it 57 
P they happen later, than they ought to do by Computa 
Which ſhews that Light takes up ſome Time in paſſing trol 
Q to P. From Obſervations of this Kind it has been con 
puted by Romer, that Light is eleven Minutes in paſſing * 
] 
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a As to the Pharnomena of Saturn's Ring, it 
„ss obſervable, 1. That its Inclination to the 
plane of the Ecliptic is about 31 Degrees: 
. 8 - That the Thickneſs of it is inſenſible; and 


U the Sun to us; which is upwards of 81 Millions of Miles: 
But it has ſince been found by the more accurate Obſervations 

l of others, that it paſſes over that Space in about 7 Minutes. 

ts The Lonvgitude of a Place is its Diſtance Eaſt or Weſt 


of ſome other Place; and as Places lie more or leſs Eaſt or 
Weſt one of another, the Hour of the Day in one is more 
II, or leſs different from the Hour of the Day in the other. 
b, That is, as Places differ in point of Longitude, fo they do 
proportionably in their Reckoning of Time. For inſtance, if 
a Place lics fifteen Degrees to the Eaſtward of another, it 
is one Hour paſt Mid day there, when it is but Mid-day at 
Ai the other: The Reaion is, becauſe the Sun is an Hour in 
raſſing over each fifteen Degrees of its daily Courſe. In like 
es of AY Manner, if a Place lies ſo many Degrees to the Weſtward 
The WW of ar other, the Sun comes an Hour later to that Place than 
rey WY to the other; fo that it is but Eleven of the Clock there, when 
n tie it is Twelve at the other. And fo proportionably for any 
te other Diſtance. If therefore at two Places it be obſerved at 
what Hour the Beginning of an Eclipſe of one of Jupiter's 
of thei <atellites happens at each of them, and if that Hour be not 
rweeo the ſame in both, the Difference will thew how far thoſe 
ſop ; Places lie Eaſt or Weſt of one another. Or if, inftead 
at Wo! the Ooſcrvration at one of the Pl:ces, an Almanack 
be ob be made Uſe of, that ſhews the Time when the Eclipſe will 
on beppen at that Place, and at that Time be compared with the 
Time of its happening oblerved at the other Place, the Dif- 
kerences between thoſe Times, if chere be any, will ſhew the 
lame, 


wou This Method very rarely ſucceeds at Sea, becauſe the Toſſing 
at Uk the Ship is iaconſiſtent with the Accuracy requicd in Ob- 
the da errations of this Kind. 


The like may be done by obſerving the Time when an 


it is Melipſe of the Moon happens, or when it comes to a fixed 
utationFP'@ : But theſe are Phenomena that are much leſs frequent than 
ng frol C 0ther, 

n CON 92 therefore 
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therefore when it is ſo fituated, that the Plane 
of it, if produced, would paſs through the 
Earth, it becomes inviſible. Neither is it tg 
be ſeen when the Plane of it paſtes between 
the Sun and the Earth; for then the Sun thine 
upon that Side of it which is turned from vs; 
in which Caſe, the dark Side being next the 
Earth, it is not perceptible to us. But in this 
Caſe a black Liſt or Circle appears to encom- 
. paſs the Planet, which in all Probability is no 

other than the Shadow of the Ring thereon, 
The Extremities of the Ring which appear on 
either Side the Planet are by ſome called its 


Anſe. 
GHAL Xt: 
Of the Comets. 
HE Comets are opake, ſpherical, and 


| folid Bodies like the Planets ; and like 
them perform their Revolutions about the 
Sun in elliptical Orbits, which have the ou! 
in one of their Fci. The Pariiculars in whicl 
they differ from the Flanets, arc, that they mon 
in various Directions, ſome the ſame Wai 
with the Planets, others the contrary ; neithel 
are their Motions confined within the Ls 
diac, their Orbus admitting ef any Inclin 
10 
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tion to the Ecliptic whatever: And the Ex- 
centricity of their Orbits is ſo very great, that 
ſome of the Comets perform the greateſt Part 
of their Motion almoſt in right Lines, tending 
in their Approach to the Sun almoſt directly 
towards it, after which they paſs by it; and 
when they leave it, march off again nearly in 
a right Line, till they are out of Sight, as if 
they were haſtening back to the Fixed Stars ; 
and return not till after a Period of many 
Years (a). | 

As the Comets approach the Sun, their Mo- 
tion grows proportionably ſwifter, for they de- 
ſcribe equal Areas in equal Times about its 
Center, as the Planets do. Hence 1t is, that 
when they are in their Perihelia, that is, at 
their leaſt Diſtance from the Sun, their Motion 
is immenſely ſwifter than when they are in 
their Aphelia, or greateſt Diſtance from it. 
This is the Cauſe that they are viſible to us for 
ſo ſhort a Time; and, when they diſappear, are 
ſo long before they come near enough to be 
ſeen again (5). 


The 


(a) See a Portion of the Orbit of a Comet deſcribed, Plate I. 
fig. 1. atab cd. | 

(6) From theObſervations of Aſtronomers, it ſeems probable, 
that the Comet which appeared in the Year 1682 was the ſame 
Which was ſeen before in the Year 1607, and the Year 1531, 
and therefore may be expected again in the Year 1758, after 
a Period of about 151 Vears. And that the great Comet 
Which appeared in the Year 1680, was the ſame that was feen 
a the Time of K. Henry I. in the Year 1106, and in 531, and 
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The Ancients were divided in their Opinions 
concerning them, ſome conſidering them az 
wandering Stars, others as Meteors kindled jn 
the Atmoſphere of the Earth, ſubſiſting for a 


Time, and then diffipated : Others looked up- 


on them as ominous Prodigies. But it is put 
beyond all doubt by the more accurate Obſer- 
vations of the late Aſtronomers, that they are 
a Kind of Planets, * That they are not Meteors, 
is obvious; for, if they were, they could got 
bear that vaſt Heat, which ſome of them in 
their Peribelia receive from the Sun. The 


great Comet which appeared in the Year 1686, 
was within a ſixth Part of the Sun's Diameter 
from its Surface, and therefore muſt acquire 


a Degree or Heat intenſe beyond all Imagi- 
Nation (e). 


As 


in the forty fourth Verr before Chriſt. in which Julius Cæſu 
was murdered. If fo, then the Period of this Comet 1s abcut 
$75 Years. There are between 20 and zo that have appested 
tince the Year 1337, but no two Appearances ſeem to belong 
to the ſame Comet, except thoſe above mentioned. See Dr. 
Hallqy's Synopſis of the Aſtronomy. of Comets, publiſhed at the 
Erd of Gregory s Aſtronomy, in which there is a Table expreſf. 
ing the Motions of all the Comets that have been hitherto duly 
m—_— The Comet of 1680, was in one Fart of its Orbit 
ithin Half the Sun's Breadth of the Way of the Earth. 
| "(6 One Method bv which Afronome:s inveſtigate the ap- 
parent Courſe of a Comet, is this: They obſerve what two 
Stars are directly one on one Side of the Comet, and the other 
on the other; which is done by holding up a Thread between 
the Eye and the two Stars, and extending it in ſuch a Manner, 
as that it ſhall ſeem to croſs each Star: Then they look out two 


other 


Chap. XI. Of the Comets, 217 


As to thoſe Phenomena of them which 
riſe from the Motion of the Earth; they 
pree in a great Meaſure with thoſe of the 
nets, For inſtance, thoſe Comets which 
move according to the Order of the Signs, a 
little before they diſappear, become more than 
ordinarily ſow or retrograde, if the Earth at 
that Time be between them and the Sun ; but 
more than ordinarily ſwift, if the Earth be on 
the oppoſite Side: And the reverſe of this 
happens to thoſe which move contrary to the 
Order of the Signs. This is occaſioned by 
the Motion of the Earth, as was obſerved 
of the ſuperior Planets : For when the Earth 
goes the fame Way with a Comet, but with 
1 ſwifter Motion, the Comet ſeems retro- 
rade; when with a flower Motion, the Co- 
met's apparent Motion becomes flower ; and 
when the Earth moves the contrary Way, it 
ecomes ſwifter. | 
Few of the Comets are to be ſeen in their 
Acceſs to the Sun, but in their Receſs ap- 
pear with long fiery Tails, pointing directly, 
Ir ncarly ſo, towards that Part of the Hea- 


Ither Stars in ſuch a Situation alſo, that the Comet ſhall appear in 

Line that paſies from one to the other; which are found as be- 
ve: Then they extend a Thread upon the Celeſtial Globe, from 
ne of the two firſt Stars to the other; and another Thread 
om one of tte two laſt Stars to the other: And the Point on 
ie Globe where the Threads cro's is the apparent Place of the 
omet at the Time the Obſervation was made. This they do 
ay, and fo trace out its apparent Courſe in the Heavens. 
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vens which with reſpect to the Co met is oppo. 
ſite to the Sun. Some are viſible before the 
reach the Sun, and begin to put forth thei 
Tails, which at firſt are ſhort and thin, ſeldom 
exceeding fifteen or twenty Degrees in Length, 
but grow longer and denſer as the Comet come 
nearer the Sun. If the Comet paſſes very ne 
the Sun, it then ſends forth fiery Beams of 
Light every Way, After this it puts forth i 
Tail forty, fifty, or ſixty Degrees long, which 
as the Comet recedes farther from the Sun, 
continually diminiſhes both in Length and 
Splendor ; but is larger and longer at any Di- 
tance in its Receſs from the Sun, than at e 
equal Diſtance in its Acceſs to it. T 

This great Splendor and Length of the Tails be 
Sir 1ſaac Newton thinks ariſes from the Heu th 
which the Sun communicates to the Comet ail co 
it paſſes near it; and accounts for it after then. 
following Manner. As the Aſcent of the M 
Smoak in a Chimney is owing to the Im- in. 
pulſe of the Air, with which it is entangled 
(for the Air about a Fire being rarefied by the 
Heat thereof, has its ſpecifick Gravity thereby 
rendered leſs than that of the more diſtant 
Air: Upon this Account it aſcends, and Ccar- 
ries along with it the Smoak with which it b 
engaged) in like Manner he thinks the Tal 
of a Comet may ariſe from the Atmoſphere 
thereof into thoſe Parts which are oppoſite to ths 
Sun, being carried up by the Æther about thi 


Comet 
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Comet, rarefied to a very great Degree by the 
Heat thereof. And thinks his Opinion greatly 
confirmed by the Appearance of the Tails ; 
for when accurately obſerved, they are found 
not to riſe always in a Direction preciſely oppo- 
te to the Sun, but to deviate or incline a lit- 
tle from thence towards thoſe Parts which the 
Comet has lately left; and not only ſo, but to 
he bent into a certain Curvature, the Extremi- 
ties of the Tails deviating from the true Op- 
poſition more 1n Proportion than the other 
Parts; and to be more denſe ſeemingly, and 
better defined on the convex, than on the con- 
cave Side : And farther, that the longer the 
Tail is, the more ſenſible is the Curvature, as 
being the greateſt at the greateſt Diſtance from 
eu the Body of the Comet. Upon theſe Ac- 
counts he thinks it evident, that the Phæno- 
the ns of the Tails of Comets depend on the 
the Motion of their Heads, and that the Heads 
Im- furniſh the Matter which forms the Tails. 
eat For as in the Atmoſphere of the Earth, the 
the dmoak of a Body aſcends perpendicularly if 
by the Body be at Reſt, and obliquely if the Body 
tant be moved any otherways than directly upwards 
car-M or downwards; ſo in the Heavens, where all the 
it Bodies gravitate towards the Sun, Smoak and 
Tall Vapour muſt aſcend from the Sun, and riſe 
perpendicularly, if the ſmoaking Body be at 
eſt; and obliquely, if the Motion of the Body 

be oblique to the Direction the Vapour aſcends 


with, 


220 Of the Comets. Part Iv 


with. And becauſe the Force by which the 
Vapour aſcends is ſtrongeſt near the Body of 
the Comet, the Obliquity with which it g. 
cends will be the leaſt near the Body, ang 
oreater at greater Diſtances, and conſequenth 
the Column of aſcending Vapour will be in. 
curvated or bent towards thoſe Parts the Co. 
met leaves: And becauſe the Vapour in the 
preceding Side is ſomething more recent, that 
is, has aſcended ſomething more lately, it wil 
be ſomething more denſe an that Side, and on 
that Account muſt reflect more Light, as well 
as be better defined ; the Vapour on the other 
Side languiſhing by Degrees, and vaniſhing 
out of Sight (d). 

This is the Sentiment of Sir Iſaac New!on; 
but J muſt beg Leave to differ from him in 
this Matter. For I think it ſomewhat im— 
probable, on account of the great Rapidity with 
which Comets move, that the Ather diffuſed 
throughout the heavenly Regions ſhould gra- 


(4) Some have ſuppoſed, that the Heads of Comets are 
tranſparent, and that their Tails are no other than a Beam of 
the Sun tranſmitted through them : But were the Heads, of 
Comets tranſparent, they themſelves would ſcarce be vilible, 
Others, that they ariſe from the Refradion of the Rays of 
Light'in their Way from the Comets to us : But if fo, then 
both the Planets and Fixed Stars ought to have Tails alſo. L- 
ler aſcribed the Aſcent of the Tails to the Rays of the Jun car- 
rying the Particles of the Comet's Atmoſphere away with them, 
that is, impelling them into the Kegions oppoſite to it. But 
we have no Inftance of any Thing in Nature like this; this 1 
therefore an Hypothefis that canuot be lupported. 


vitato 
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vitate ſufficiently towards the Sun (eſpeci- 


Jay at Diſtances equal perhaps to twice that 
of the Earth from it) to cauſe the Vapours, 
or the Atmoſphere of the Comets, to aſcend 
into thoſe Parts, towards which the Comets 
ne tending. For when a Body aſcends in a 


Fluid, as being ſpecifically lighter than it, its 
Motion at or near the Beginning of it is very 
ſmall; ſo that if the Fluid have but a ſmall 
Degree of Motion the contrary Way, the Re- 
fitance thereof will readily ſtop the Aſcent 
oc the Body, and will carry it the ſame Way 
er it moves itſelf. This is the Reaſon the Air, 
io WW which cauſes the Flame of a Candle to aſcend, 
can ſcarcely blow downwards with ſo ſmall 
„; MW: Degree of Motion, or (which is all one 
in the Candle itſelf can ſcarcely be lifted u 
m- MW vith ſo gentle an Hand, but the Flame will 
ith turn downwards. How 3s it then likely, that 
ſed when a Comet moves with an incredible Ve- 
locity (/g. at the Rate of above a Thouſand 
Miles in a Minute, as ſome of them do at 
the Time when their Tails riſe almoſt directly 
before them: ) How is it then likely, J ſay, 
that the Ether ſhould by its Gravity alone 
raiſe the Vapour of the Comet with ſuch Force, 
35 to cauſe it to overcome its Reſiſtance, when 
that Reſiſtance ariſes from to great a Rapidity 
ok the Comet? Would it not rather carry it 
with it the other Way? And if we augment 
the Denſity of the Ether, and therewith its 
Gravity, 
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Gravity, then the Reſiſtance of it will be the 
greater; and fo the Caſe will be more ef. 
perate ſtill, If we ſuppoſe it to be rarer 
it will be lighter, and fo leſs able to buy 
the Vapours of the Comet up. The Queſtia 
then is, How are thoſe Tails to be accounted 
for? My Conjecture is as follows: It is wel 
known that when the Light of the Sun paſſe 
through the Atmoſphere of any Body (as the 
Earth) that which paſſes on one Side is by the 
Refraction thereof made to converge toward, 
that which paſſes on the oppoſite one; and 
this Convergency is not wholly effected, eithe 
at the Entrance of the Light into the At. 
moſphere, or at its going out; but thit 
beginning at its Entrance, it increaſes 
every Point of its Progreſs. It is alſo agreet 
on all Hands, that the Atmoſpheres of the 
Comets are very large and denſe. I ſuppok 
therefore, that by ſuch Time as the Light d 
the Sun has paſſed through a confiderabl 
Part of the Atmoſphere of a Comet, th 
Rays thereof are ſo far refracted towards ead 
other, that they now begin ſenſibly to illum 
nate it (or rather the Vapours floating therein 
and ſo render that Part which they have ye 
to paſs through, v//ble to us; and that th 
Portion of the Atmoſphere of a Comte 
thus illuminated appears to us in the For 
of a Beam of the Sun's Light, and paik 


under the Denomination of. a Comet's 1 
Thi 
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Thus, when a Burning-Glaſs is expoſed to 
the Sun's Rays, if there be the leaſt Smoak 
or Duſt hovering behind the Glaſs, the Rays 
of the Sun, as ſoon as they are brought near 
enough together by the refractive Power of the 
Glaſs, render ſo much of the Smoak or Duſt 
as they have yet to paſs through, very diſtin- 
oviſhable from the reſt, Indeed, by the accu- 
rate Reflection of the Glaſs, the Light of 
the Sun is brought to a Focus, wherefore 
the illuminated Space ends in a Point: 
But it happens not ſo to Rays refracted by 
the Atmoſphere of a Body; becauſe the Ex- 
tremities of an Atmoſphere do not refract near 
ſo ſtrongly as thoſe Parts which are nearer 
the Body. Let us now fee how this Hy- 
potheſis will anſwer the Phenomena of the 
Tails. 

When a Comet has been in its Aphelion, 
by means of its long Abſence from the Sun, 
the Vapours with which its Atmoſphere was 
full, are now condenſed and fallen down, the 
atmoſphere itſelf grown cold, ſettled into its 
natural State, and reduced to a ſmall Compaſs ; 
therefore as the Comet approaches the Sun, 
the Tail of it is inviſible to us, or at leaſt 
appears very ſhort: When it comes into the 


botter Regions near the Sun, the Atmoſphere 


begins to rarefy and dilate itſelf, and new Va- 


WT pours riſing up into it, increaſe the Quantity 


of Matter therein, on which Account the Tail 
grows 


1 
: 
| 
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are oppolite to the Sun, towards thoſe whic 
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grows longer. When the Comet is in its Pa 
helion, if it be then very near the Sun, by mean: 
of the exceſſive Heat thereof, not only the 
hinder Parts of its Atmoſphere are ſtrong} 
illuminated by refracted Light, but the other 
Parts of it by the direct Light of the Sun, 
ſo that the whole Comet, Atmoſphere and al. 
is as it were on Fire; which cauſes an ink. 
nite Number of Beams and Irradiations to he 
ſent out from every Part; in which State the 
Comet is ſaid to be Hairy. Afterwards when 
the Comet has got to ſome Diſtance from the 
Sun, and this great Illumination ceaſes, and 
the Atmoſphere is extended by Rarefaction to 
a monſtrous Size, and now more replete wit 
Vapours than ever, which like the Steam d 
a boiling Cauldron have been continually riſing 
into it, the Rays of the Sun have a great Wa 
to go within it, after they are ſo far refracte 
towards each other, as to render the Atmo 
ſphere viſible. So that the Tail now appear 
at its greateſt Length ; but from this Timt 
grows continually ſhorter and ſhorter (as tit 
Atmoſphere by the Comet's lofing its He 
contracts its Dimenſions, and the Vapour float 
ing therein ſubſides on to its Body) till the Cc 
met is out of Sight. | 
But the greateſt Difficulty is yet behin- 
and that is, to account for the Deviation 
the Tail of the Comet from thoſe Parts whid 
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the Comet has left. For it will moſt certainly 
be thought, that upon this Hypotheſis, the 
Axis of the refracted Rays, which is alſo the 
Axis of the Tail, ought to be in a right Line, 
that paſſes through both the Center of the Sun 
and of the Comet. But if we conſider the 
exceeding great Rapidity with which a Comet 
moves, and that the Propagation of Light is 


| 
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be not inſtantaneous, this Difficulty will alſo va- 
tn niſh. For ſince Light is propagated in Time, 
en that which paſſes near the Body of a Comet 


the will not, when it comes at the Extremity of 
aa its Atmoſphere, enlighten a Portion of it that 
n lies in a right Line drawn through the Center 
vu of the Sun and the Place of the Comet 


nowhere it now is, but where it was at the 
no Inſtant when that Light paſſed by it: And 
Wa therefore the illuminated Point of the Extre- 
ca mity of the Comet's Atmoſphere, that is, the 


mo End of its Tail, will not be oppoſ.te to the 


peuſ dun, but always in a right Line, that paſſes 
Ting through the Center of the Sun and a Point 
s th of the Orbit behind the Comet, or which it 
Fea has lately left; as will readily appear to 


float 


' any one that ſhall duly attend ro this Mat- 
e LO 


ter. And becauſe this is true of every other 
Portion of the Tail, in Proportion to its Diſ- 
bind tance from the Head, the whole Tail will 
on Of decline from thoſe Parts which are oppoſite 
who to the Sun, towards thoſe which the Comet 
which has lately left. And thus is the above-men- 

vor. II. P tioned 
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diminiſhing it in Appearance, or even of en. 


tioned Deviation to be accounted for. But i 
muſt not be concealed here, that that very 
ſucceſſive Propagation of Light, which occaſion 
this Deviation, is capable of augmenting 


tirely taking it away, according to the Situation 
the Comet is viewed from. For, on account 
of the ſucceſſive Propagation of Light, 
diſtant Bodies that are in Motion appear ng 
ſo far advanced as they really are; and the faſte 
they move, and the farther they are from us, 
the greater is the Diſlerence between their red 
and apparent Place. Let us then ſuppoſe, tha 
the Extremity of a Comet's Tail is farther from 
the Eye of a Spectator than the Body of the 
Comet, by a Space equal to the Semidia 
meter of the Earth's Orbit, then will Light 
be ſeven Minutes longer in coming from the 
Extremity of the Tail than from the Head; 
and therefore the Tail will appear to be far 
ther behind its tiue Place than the Come 
does, by a Space equal to that through which 
the Extremity of the Tail moves in ſeven 
Minutes; and conſequently the apparent De. 
viation in this Caſe will conſpire with the trut 
one, and render it in Appearance proportion 
ably larger. Again, when the Extremity 0 
the Tail is nearer the Earth than the Comes 


— K_ — \ 0 a 8 „ i. 


then Light comes quicker from the forme! 

than from the latter, and therefore the ComeMWin 

appears farther behind its true Place than tl 
| ER 
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it WW Extremity of its Tail does, and fo the true De- 
riation appears the leſs, or not at all, accord- 
ing as the Caſe may happen. 
or The apparent Deviation of a Comet's Tail 
n- Wi depends alſo on another Circumſtance, vis. 
on the Situation of the Spectator with reſpeC to 
m the Plane of the Comet's Orbit; for when a 
ll WF Spectator is in the Plane of that Orbit, the 
Deviation becomes inſenſible to him, as not be- 
ter ing able to diſtinguiſh nicely the exact Diſtances 
us, of the ſeveral Parts of the Tail from his Eye: 
el The farther he is removed out of that Plane, 
the more ſenſible it becomes. 

There is another Particular, viz. that the 


the Extremities of the Comet's Tail deviate from 
du. the true Oppoſition more in Proportion than 
ig che other Parts, ſo that they are bent into 
the certain Curvature: And farther, that they 


are more lucid and diſtin& on the convex than 


far. Non the concave Side. Al: which may be ac- 
amet Wcounted for, if we allow the heavenly Regions 
ich che leaſt imaginable Reſiſtance; for in that 
eren caſe, the Atmoſphere of a Comet will be ſome- 


what denſer on the Side towards which the 
Comet tends; and therefore the Light which 
ies on that Side will ſuffer a greater Degree 
of Reftaction throughout its whole Progreſs 
Jong the Atmoſphere, that is, to the End of 
the Tail, than ſuch as paſſes on the other: So 
mat, that Side of the Tail which moves fic, 
Will be more lucid and better defined than 
8 the 
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the other : And becauſe this Reſiſtance wil 
make the greateſt Alteration in the extreme 
Parts of the Comet's Atmoſphere, the Ex. 


tremity of the Comet's Tail will deviate from | 


the true Oppoſition more in Proportion than 
thoſe Parts which are nearer the Body; ſo 
that the Tail (at leaſt that Side of it which 
moves firſt) will become convex. And if the 
Refraction of thoſe Rays which paſs on that 
Side towards which the Comet tends, and on 
that Account are moſt refracted, be ſo great 2 
that they ſhall croſs thoſe which paſs on the 
other Side the Comet, before they get out of 
its Atmoſphere, their Refraction being irregu- 


Jar, they will croſs the other diſperſedly andin 


{ſeveral Places, which, as is obvious to conceive, 
will neceſſarily give that other Side of the Tai 


a concave Form, and render it imperfectly de- 


fined. 


Thus I have ventured to throw in a Con- 
jecture of my own; but propoſe it rather as 
Query, than a Solution; leaving it to be farther 
examined into by thoſe who may have had bet- 
ter Opportunities of acquainting themſelves with 
Phenomena of this Kind. 
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CHAP. XII. 


07 the Parallax of the Heavenly 


Bodies. 
T HE Difference between the apparent 


Places of the Heavenly Bodies, when 
viewed from the Center of the Earth, and 
when ſeen from the Surface thereof, is called 
their Parallax. To explain this, 

Let AB (Fig. 21.) repreſent a Portion of 
the Earth's Surface whoſe Center is C, H V the 
Heavens, and let APN be the Horizon of a 
dpectator at A, and P the Situation of a Planet 
therein. The Place of this Planet among the 
Fixed Stars, as ſeen from the Center of the 
Earth, will be M, which is called its rue 
Place; but when view'd by a Spectator upon 
the Surface of the Earth at A, it appears in 
the Horizon at N, which is called its apparent 
Place; and the Arch MN, which meaſures 
the Diſtance between the one and the other, 
is the Parallax of that Planet. If the Planet 
be above the Horizon, as at Q, its true Place 
as ſeen from the Cente of the Earth is R, 
its apparent Place 8, and its Parallax is R &, 
which is leſs than before. From whence we 
ke, the more the Planet is elevated above the 

1 Horizon, 
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Horizon, the leſs is its Parallax; and when it 
is got directly over the Place of the Spectator, 
it has no Parallax at all; for when it is at T, 
its apparent Place in the Heavens | is at V, whe. 
ther it be ſeen from C or A. 

Farther, by how much the more remote x 
Planet is from the Earth, ſo much the leſs i; 
its Parallax, at the ſame Heights from the Ho- 
rizon. Thus if the Planet had been at the 
Diſtance CD from the Center of the Earth, 
its Parallax, when in the Horizon at D, would 


have been NO; and when in the Line AQ 


produced, as at E, its Parallax would have 
been meaſured by the Arch SF, both which 
are leſs than the tormer. 

The Angles MP N, and R QS, are called 
the arallactic Angles, ſuppoſing the Planet 
at P or Q, and arc equal, the firſt to the Arch 
MN, and the other to the Arch RS: They 
are alſo equal to the Angle APC, or AQ, 
which are thoſe under which C A, a Semidiz- 
meter of the Earth that paſſes through the 
Place of the Spectator, would appear if ſeen 
from the Planet. 

From hence it is obſervable, that the appa- 
rent Place of a Planet is always lower in the 
Heavens than its real one, except when the 
Planet 1s vertical, or at T. 

As Aſtronomers, by means of the annual 


' Parallax of a Planet, that is, the Parallax & 
the 
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the annual Orbit of the Earth, as explained 
above (a), compute the Diſtance of the Planet 
from the Sun, with reſpect to that of the Earth 
from thence; ſo by means of this Parallax, 
they calculate the Diſtance of the Planet from 
the Center of the Earth with reſpect to the 
Diſtance of the Surface of the Earth from the 
ſame (6). 

The Sun is alſo liable to this Kind of Pa- 
rallax; for 1t 1s evident that its Place among 
the Fixed Stars, when ſeen from the Surface 
of the Earth, may be different from that in 
which it would appear if ſeen from the 
Center of the Earth. Now could this Paral- 
lax be determined with Accuracy, the exact 


(a) See Chap. VI. and VII. 

(5) The Parallactic Angle AP C being known, and the Angle 
VAN, which is meaſured by the Arch of the Hcavens VN, 
and which gives PA C, its Complement to two right ones, be- 
ng taken by Obſervation, we from thence have A CP, the re- 
maining Angle of the Triangle APC: From whence the Rela- 
tion which P C, the Diſtance of the Planet from the Center of 
the Earth, bears to C A, the Diſtance of the Surface of the 
Earth from its Center, may be determined. 

There are ſeveral Methods of finding the ParallaQtic Angle ; 
ore of which is as follows: 

Firſt, Let it be obſerved when the Planet is between two 
fixed Stats which are. both in the ſame vertical Circle; and 
Uterwards, when theſe two Stars appear ſitvated in a Line that 
s parallel to the Horizon, obſerve how much the Planet ap- 
pezrs below them; for the Planet being depreſſed by the Pa- 
tallax, will at that Time be lower than a Line drawn irom one 
Yar to the other; becauſe the Fixed Stars are at too great a 
Diſtance to ſuffer any Parallax : The Arch of the Heavens in- 
tercepted between this Line and the apparent Place of the Pla- 
det is its Parallax ; Allowance being made for the Motion of the 
klanet between the two Obſervations, 


54 Diſtance 


[ 
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| Diſtance of the Sun from the Earth might be 
| known, and from thence, by the Method ex. 
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plained above (c), that of the other Planet; 
from the Sun. But the Sun's Diſtance from 
the Earth is ſo very great, and of Conſe- 
quence its Parallax is fo very ſmall, that the 
Obſervations nec*flary for taking of it cannot 
be made with ſufficient Accuracy. Aſtrono- 
mers therefore have Recourſe to the Parallaxes 
of Mars and Venus; which if they could be 
found, that of the Sun would alſo be had: 
B«cauſe the Horizontal Parallaxes of the Hezs- 
venly Bodies, as we have juſt been ſhewing, are 
proportionably leſs as their Diſtance 1s greater, 
Now when Mars is oppoſite to the Sun, it is 
above twice as near to us, and accordingly its 
Parallax is above twice as great as that of the 
Sun: And Venus, when in its inferior Conjunc- 
tion with the Sun, is almoſt four Times nearer 
than the Sun, and therefore its Parallax is ſo 
many Times greater. Aſtronomers find, that 
the Horizontal Parallax of Mars, when it is in 
Oppoſition to the Sun, does not exceed 25 Se— 
conds, and from thence conclude the Sun's to 
be about 10 Seconds. With which Parallax 
of 10 Seconds if a Calculation be made, the 
Sun's Diſtance will be found about 81 Millions 
cf Miles from the Center of the Earth. 
However, Aſtronomers need not be foli- 
citous about the Parallax of Mars, fince Dr. 


e) See Chap. VI, VII. 


Halley 
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alley has laid down a Method in the Philo- 
;pbical Tranſadiions (d), whereby the Parallax 
the Sun may be had to ſo great a Nicety, 
that its true Diſtance within a 5ooth Part of 
he Whole may be determined from it; vs. 
t the next Tranſit of Venus over the Sun's 
Diſk, which will happen on the 26th of May, 
n the Year 1701 ; when, at five Minutes be- 
ore Six in the Morning, Venus will appear not 
dove four Minutes of a Degree South of the 
Middle of the Sun's Diſk. 


(4) Numb. 348. 


EMA” MM 


07 2 Refraction of zhe Atmoſphere, 
and the Crepuſculum or Twilight. 


_ \ E find by Experience, that when Licht 
* enters a tranſparent Medium obliquely, 
ce. Neither denſer or rarer than that in which it 
« to {M25 before, it does not paſs ſtraight on, but its 


Courſe is bent at the Point where it enters, 
which Bending is called its RefraFon; and if 
lie Medium into which it enters be denſer 
than the other, the Light is then refracted to- 
- Wards a Perpendicular to the Surface drawn 
rough the Point where it enters; but if the 
Medium be rarer, it is then reſtacted or bent 


alley the 


| a Staff, having one End under Water and the 


Stars near the Horizon appear above their true 
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the contrary Way (2). It is from hence thy 


other above it, appears bent or broke at the 
Surface of the Water, the Part below the Wi. 
ter appearing above its natural Situation, be. 
cauſe the Light which comes from thence is re. 
fracted or bent downwards at the Surface of the 
Water, where it comes out. Thus alſo th: 


Places, on account of the Refraction which the 
Light that comes from them ſuffers in paffing 
through the Atmoſphere of the Earth (9. 
The Manner of which is now to be ex- 
plained. | 

Let then AB (Fig. 22.) repreſent the Sur- 
face of the Earth, C its Center, D F a Portion 
of its Atmoſphere, and GI the Sphere of the 
Fixed Stars, and let A H be the Horizon of a 
Spectator at A, and let there be a Fixed Star ot 
a Planet at K; and let K L be a Ray of Light 
proceeding from thence. Now this Ray paſſing 
out of a Vacuum, or empty Space, into the 
Earth's Atmoſphere at L, will be refracted to- 
wards the Line L C, that being a Perpendicular 
to the Surface of the Atmoſphere, at the Point 
where the Ray enters. And ſince the ſupe- 
rior Air is rarer than the inferior, the Ray 1s 


(a) See the Reaſon of this aſſigned, and the Manner of it 
largely explained, Part III. Chap. II. 

(6) This has been already taken Notice of in Part III. 
Chap. VII. in the Notes. 


Fr 
| 


Ve 


con- 
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ontinually entering a denſer Medium all the 
Way it goes; and ſo is tefracted every Moment 


the Wownwards towards C, as at firſt, which will 
V. Wzvſe it to deſcribe a Curve, as LA, and to en- 
he. er the Spectator's Eye at A, as if it came from 


, a Point above L; and ſince an Object ap- 
jears always in that Line in which the Ray 
aſſes when it enters the Eye (c), the Star will 
tem to be at G, and therefore higher than its 
rue Place, and ſometimes above the Horizon, 
when its true Place is below it; as in the Caſe 
defore us, where its Situation K is ſuppoſed to 
x below the Horizontal Line A H. 

Thus it has often happen'd, that in an 
Eclipſe of the Moon, when it is directly op- 
ofite to the Sun, they have both appeared 
above the Horizon at the ſame Time. 

When a Star is in the Zenith, it is liable to 


ot o Refraction; for then the Light that comes 
ight rom it to a Spectator's Eye, enters the Atmo- 
ing here in a Direction perpendicular to its Sur- 

ace: But the lower the Star is, the more ob- 


quely the Light enters the Atmoſphere ; ſo 
at the greateſt Refraction of all is when the 
ris in the Horizon, and it is then 33 Mi- 
utes and 45 Seconds; but when the Star is 
0 Degrees or more above the Horizon, its Re- 


Idiom is inſenſible (J). 
e) See the Reaſon of this, Part III. Chap. VII. at the Be- 


unning. | 


III. % See Sir Jace Newton's Table of Refractions, Philo/oph. 
10/a2, Numb. 368. | 


con- From 


of it 
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From hence we ſee the Reaſon why the du 
and Moon when near the Horizon, do not ap. 
pear of a circular Form, as at other Times, by 
of an oval one, having their longeſt Diameie 
parallel to the Horizon. For their lower Pam 
appear elevated by Refraction more than thei 


upper ones, and conſequently nearer togethe | 
than they ought to do; while their Sides it ſe 
equally elevated, and keep their juſt Diſtane Brit 
from each other. ſet, 

It is not with regard to Refraction, as in eme 
Parallax : The latter of which, as explainedin tho 
the preceding Chapter, depreſſes the Sun on 
and the Planets, and that according as theyare ed! 
more or leſs removed from the Earth; while") | 
the former elevates all the Heavenly Bodies Eye 
alike, at whatever Diſtance they are removed for 
from us. ther 


Farther; were it not for the Atmoſphere, But 
which continually reflects the Light of the Su Por! 
from one Portion of it to another, and therebyW ur 
occaſions ſome of it to enter our Eyes, whic dun 
Way ſoever they are turned, and alſo throws i t 
upon thoſe Parts of the Bodies about us, which 
are not expoſed to the direct Light of the Sun 
Beams, the whole Heavens would appear to 
tally dark; and ſuch Bodies, or ſuch Parts d 
Bodies, as the Sun did not directly ſhine upon 


would be inviſible, and the Stars would appealWu i, 
at Noon-day. But the Atmoſphere of the Eat. Sen 


being ſtrongly Yluminated by the Beams > th: i 
un 
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gun, they are reflected to us, and to other Bo- 
dies from all Parts; ſo that the whole Atmo- 
ſphere is enlightened, and every Thing therein 
s render'd viſible; while the fainter Light of 
the Stars, which would otherwiſe appear, is ob- 
cured, and eclipſed thereby. 

Beſides, though the Sun, immediately before 
it ſets, would in this Caſe ſhine with the ſame 
Brightneſs as at Noon, yet the Moment it was 
ſet, it would be quite dark. Whereas, by 
means of the Atmoſphere, it happens, that al- 
though none of the Sun's direct Rays can come 
to us after it is ſet, yet we ſtill enjoy its reflect- 
ed Light for ſome Time, and Night approaches 
by Degrees. For after the Sun is hid from our 
Eyes, the upper Parts of the Atmoſphere remain 
for ſome Time expoſed to its Rays, and from 
thence the Whole is illuminated by Reflection. 
But as the Sun grows lower and lower, that 
Portion of the Atmoſphere which is above 
our Horizon becomes leſs enlighten'd, till the 
dun has got about.eighteen Degrees below it, af- 
ter which it ceaſes to be illuminated thereby (e), 


till 


e) Hence it is, that during that Part of the Year, in which the 
un is never above eighteen Degrees below the Horizon, there is 
a continued Twilight from Sun-ſetting to Sun-riſing. That Part 
of the Year, in the Latitude of London, is wnile the Sun is paſſing 
irom about the fifth Degree of Gemini to the twentieth of Cancer, 
that is, from about the 15th of May to about the 7th of July. 

dome Philoſophers tell us, that the Height of the Earth's At- 
moſphere may be determined from the Duration of the Twilight, 


ade following Manner. Let AB D (Fig. 23.) repreſent the 


Earth 
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till it has got within as many Degrees of the Ea(. 


ern Side ot the Horizon, at which Time it be. MW in 
gins thi 
the 


Eartn ſurrounded by its Atmoſphere at G E F. Through A, the 
Place of a Spectator, draw the Tangent AH, paſſing through the 
Extremity of the Atmoſphere at E, from whence draw the Line 
ES, touching the Surface of the Earth in B, as alſo from the Center 
C, the Lines CA, CE, and CB. Now, ſay they, ſince the Crepuſ- 
culum is owing to the Reffection of the Sun's Rays, by the Parti. 
cles of which the Atmoſphere conſiſts, it muſt end at ſuch Time 
as Rays of Light coming from the Sun, and paſling cloſe by the 
Surface of the Earth, are reileQted from the Top of the Atmo. 
ſphere to the Spectator's Eye; and therefore knowing how far 
me Sun is below the Horizon at that Time, we may know the 
Height of the Atmoſphere. Thus let S be the Place of the Sun 
hen the Crepuſculum ends, SE a Ray of Light paſling cloſe by 
the Earth at B, and reflected from E (a Particle at the Top of 
the Atmoſphere) into the horizontal Line EA, to the Eye of the 
Sp: ator at A; then will the Angle HE S be the Meaſure of 
the Son's Uitance below the Horizon. And becauſe EB and EA 
are Jangents to the Earth, the Angle ACB at the Center will be 
equal to HES, or eighteen Degrees; and Half of the former, 
zamely ACE, will de nine; from whence El, the Height of the 
Atmoſphere, which is the Exceſs of the Secant EC above the 
Radius TA or Cl, is had by Trigonometry. See Keil” Aflronom, 
rcd. 20. But this Way of arguing is founded on a Suppoſitioa, 
that Rays of Light cannot come to a Spettator's Eye after more 
than one Reflection in the Atmoſphere ; the contrary to which 
ſeems evident, as | ſhall ſhew in the following Manner. Let ABD] 
(Fig. 24) repreſznt the Earth, A the Place of a Spectator, HO 
his Horizon, MINK the Portion of the Earth's Atmoſphere, and 
TVW an Arch of the Heavens; and let 8 be the Place of the 
San leſs than 18 Degrees below the Horizon; and let the Line 
S Al touching the Earth be drawn. It is well known, that ia 
this Caſe ſo much of the Heavens as is not intercepted by the 
Earth from the Spectator's Eye at A, will till appear enlight- 
ered ; that is, in other Words, Light will flow to the Specta⸗- 
tor's Eye from every Part of that Portion of the Atmoſphere that 
lies between Þ and Q, ſome therefore will come from thoſe 
Particles that lic within the Space PAE. But theſe Particles can- 
1e: be salightened by the direct Rays of tue Sun; for they ne- 
| cellarily 
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zins to illuminate the Atmoſphere again, and 
n Appearance to diffuſe its Light throughout 
the Heavens, which continues to increaſe till 
the Sun be up. This Light, whether in the 
Morning before Sun-riſe, or in the Evening 
iter Sun-ſet, is called the Crepuſculum, or Twi- 
icht; and is ſuppoſed to begin and end when 
the leaſt Stars that can be ſeen by the naked 
Eye (viz. thoſe of the fixth Magnitude) ceaſe 
or begin to appear. 

But as the Twilight depends on the Quan- 
ity of Matter in the Atmoſphere fit to reflect 
the Sun's Rays, and alſo on the Height of it, 
(for the higher the Atmoſphere is, the longer it 
will be before the upper Parts of it will ceaſe 
to be illuminated) the Duration of it will be 
various. For Inſtance, in Winter, when the 
Air is condenſed with Cold, and the Atmoſphere 
upon that Account lower, the Twilight will be 
ſhorter ; and in Summer, when the Limits of 
ne Atmoſphere are extended by the Rarefac- 
ton and Dilatation of the Air of which it con- 
0 WF lis, the Duration of the Twilight will be 
nd reater. And for the like Reaſon the Morn- 


&lzily paſs above the Line AE, theſe therefore themſelves are 


t 5 llaminated by reflected Light. Since then theſe afford Light, 
5 and nearly as much as any of the reſt, it is evident, that Rays 
2 nay come to a Spectator's Eye, and in great Plenty, after hav- 


ng ſuffered wo Reflections. And therefore that Demonſtra- 
bor” ion which is built upon a Suppoſition that ſuch Rays can ſuf- 
. 1 but one, muſt fall to the Ground. 


ne- ing 
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ing Twilights, the Air being at that Time con. 
denſed and contracted by the Cold of the pre. 
ceding Night, will be ſhorter than the Even 
ing ones, when the Air 1s more dilated an, 


expanded. 
Another Effect that the Atmoſphere has uy 


on the Rays of the Sun is, that it intercepts Ml r 
conſiderable Part of them in their Proorel 
through it. By which Means it happens, h «i 
when the Sun is near the Horizon, it appear tl 
leſs luminous and bright than when it is mal N 
elevated; for the nearer the Sun is to the H ce 
rizon, the greater is the Portion of the Atm of 
ſphere through which the Rays of the S «| 
muſt paſs to come to a Spectator's Eye. F R 
inſtance, in Fig. 23. where A BD repreſen th 
the Earth ſurrounded by its Atmoſphere GEH re 
and A the Place of a Spectator ; it is obviou PI. 
that when the Sun is in or near the Horizon 
ſuppoſe at H, its Rays muſt paſs througn il 
greater Portion of the Atmoſphere to come tal the 
the Spectator's Eye at A, than they would qi 
if the Sun were ſituated in any Part of tha the 
Heavens above the ſaid Point. the 
| ö 
une 
ter 
1 
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G HAF. NV. 
Of the Doctrine of the Sphere. 


HE Subject of this Chapter re- 
lates chiefly to the Explanation 
of thoſe Ciccles which Aſtronomers, for 
the better diſtinguiſhing the Places and 
Motions of the heavenly Bodies, con- 
ceive to be deſcribed within the Sphere 
of the Heavens. Some of theſe have 
already been defined; but that the 
Reader may have a compleat View of 
their Definitions all together, I ſhall 
repeat them here in their proper 
Places. 


Theſe Circles are of two Kinds, v2. 
the greater and the ſmaller. 


A great Circle is that which divides 2 as 


the Sphere into two equal Parts, having 
the ſame Center therewith. 

A leſs Circle divides the Sphere into 
unequal Parts, having a different Cen- 
tet from that of the Sphere. 

Theſe are ſometimes called parallel 
Circles, and receive their Denomina- 
ons from ſome great Circle to which 
they are parallel. Thus, leſſer Circles 

Vor, IL * I run- 


A le ſs 
Circle. 


Circles, 
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running parallel to the Equator, a 
called Parallels of the Equator ; and { 
of the reſt. 
ThePoles The Poles of a Circle are two Point J 
I ir- in the Surface of the Sphere, every 
where equally diſtant from the Circle, 
Axisofa The Axis of a Circle 1s an imaginary 
Circle. Line ſuppoſed to paſs through both is P! 
Poles: Or, that paſſes through its Cen- 0! 
ter, and is perpendicular to its Plane, Ml th. 
Seconda= The Secondaries of a Circle are ſuch *. 
och of as paſs through both its Poles. Thek 
therefore cut it at right Angles in tuo 
Points oppoſite to each other, and are 
therefore always great Circles. 


The Circles of the Sphere are allo 
diſtinguiſhed into fixed and moveable. 
A fixed A fixed Circle is that whoſe Situation 


Circle. gepends not upon that of the Spectator. Ml fi: 
A y 8 E 
1 A moveable Circle is that whoſe 8. ke 
cle. tuation depends on that of the Spec 7 

. 0 


tator. 
Of the former Sort are the Ecliptie 
and the Equator, with their Seconda- 
ries and Parallels. 
Of the latter are the Horizon, witl 
its Secondaries and Parallels. 


I. 
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J. Of the Ecliptic, and the Particulars 


relating to it. 


The Eeliptic is that Circle which the The E- 
Plane of the Earth's Orbit would mark ie. 
out, were it ſuppoſed to be extended to 
the Heavens. This therefore is that 
which the Sun ſeems to deſcribe in its 
annual Courſe. 

The Axis of the Ecliptic is a right The Axis | 
Line ſuppoſed to paſs through the Cen- o 3 
ter of the Sun, and to be perpendicular EN 
to the Plane of the Ecliptic ; and the 
Points in the Heavens, to which this 
Axis points, are called the Poles there- Its Poles: 
of; and great Circles paſſing through 
theſe Poles, will be perpendicular to the 
Ecliptic, and are therefore called its 
Secondaries, and ſometimes Circles of Seconda- 
Longitude. By Means of theſe the 8 
Place of any Star is referred to the mw 
EKcliptic, and its Longitude and La- 
lituce eſtimated. For the Longitude Longi- 
of a Star is an Arch of the Ecliptic, tude of a 
ntercepted between the firſt Point of 
Aries, and that where one of theſe Se- 
condaries that paſſes through the Star 
cuts the Ecliptic. And the Latitude of Latitede 


Q 2 a Star of 2 Star. 
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a Star is the Arch of the ſame Second. 

ary, intercepted between the Star and 

the Ecliptic. Upon this Account all 

Circles conceived to be drawn paralle| 

to the Ecliptic, that is, Parallels of the 

Parallels Ecliptic, are ſometimes called Parallel 

1 of Latitude. The Latitude of a Star 

tage. js either Northern or Southern, as the 

Star 15 placed on this or that Side the 
Ecliptic. : © 

TheSigns The Ecliptic is divided into twelve 

Ecliptt equal Parts, called Signs. They begin 

* at that Point in which the Sun appears 

to be at the Vernal Equinox, and arc 

reckoned from Weſt to Eaſt. The 

Names of the ſaid Signs, together with 

the Characters whereby they are com- 

monly expreſſed, are theſe that follow: 


Aries, Taurus, Gemini, Cancer, Leo, Virgo, 
* 8 IT 5 1 


Libra, Scorpio, Sagittarius, Capricorn, Aquarius, Piſces. 


> M £ Lp a 
The Zo- The firſt fix of theſe are called th 


diac. 


the Southern, as being in that whic 


is neareſt the South Pole. The Sun! 


always ſeen in ſome Part of this 9 
U 


Northern Signs, as poſſeſſing that Hall 
of the Ecliptic which lies neareſt thi 
North Pole of the Earth; the latter 
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but the Planets, by reaſon of the In- 
clination of the Plane of their Orbits to 
that of the Ecliptic, appears ſometimes 
above it, and ſometimes below it, but 
never deviate from it above ſeven or 
eight Degrees on either Side: So that if 
we imagine a Space ſurrounding the 
Heavens fixteen Degrees in Breadth, 
and extended equally above and below 
the Ecliptic, this will include all their 
Ecliptics, if I may fo ſay; that is, all 
the Circles they would appear to move 
in when ſeen from the Sun, and is call- 
ed the Zodiac. 

The Signs of the Ecliptic took their 
Names, as was obſerved above, from 
twelve Conſtellations ſituated in the 
Heavens near thoſe Places. But it mult 
beremembered, that the Signs are dif- 
ferent from the Conſtellations which 
bear the ſame Name. For the Sign 
Aries, for inſtance, is not in the ſame 
Part of the Ileavens with the Conſtel- 
lation Aries. The Sign Aries is only 
thirty Degrees of the Ecliptic, counted 
from one of the Equinoctial Points ; 
whereas the Conſtellation of that Name 
s Syſtem of Stars, the moſt of which 
te now ſituated between the firſt and 
alt Degree of Taurus. And ſo of the 


Q 3 other 
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other Signs. Theſe Conſtellations were 
in the Infancy of Aſtronomy ſituated 
within the Signs which now bear their 
Names; but by a flow retrograde Mo. 
tion of the Equinoctial Points, called the 
Precęſſion of the Equinoxes, as explained 
above (a), the Conſtellation Aries has 
got into the Sign Taurus, and that of 
Piſces into the Sign Aries; and fo of 
the reſt. 


II. Of the Equator, and the Particu— 


lars relating to that. 


The Ax's The Axis of the Earth is a right Line 

Earth. ſuppoſed to paſs through its Center, 
about which its daily Rotation is per- 
formed. 

ThePoles The Poles of the Earth are two Points 

8 in its Surface, where its Axis paſſes 

through; the one the North, the other 

the South Pole. be 

ThePoles The Poles of the Heavens are two 

1 Points therein, where the Axis of the 
Earth, if produced, would paſs through 
them. 

The The Equator is a great Circle on the 

Equator. Surface of the Earth, equally diſtant 
from either Pole thereof This 1 is by 


Mariners called the Line. 
{a} See Chap. V. 
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A Secondary of the Equator paſting Meridian» 
through any particular Place upon the 
earface of the Earth, is called the Me- 
ridian of that Place. 

And as the Longitude and Latitude 
of the heavenly Bodies are determined 
by the Ecliptic and its Secondaries; fo 
by the Equator and its Secondaries, 

Places upon the Earth's Surface are diſ- 
tinguiſhed as to their Longitude and 
Latitude. 

The Longitude of a Place is then an The Lon. 
Arch of the Equator, intercepted be- gon of 
tween the firſt Meridian (5), and that * 
which paſſes through the Place. | 

The 


(b) By the firſt Meridian is meant that which paſſes 
through ſome remarkable and well known Place, 
which Geographers pitch upon to eſtimate the Longi- 
tude of other Places from. The ancient Geographers 
called that the firſt Meridian which paſſed through the 
moſt Weſtern Part of the then known World; and ſo 
reckoned the Longitude Eaftward from thence. And 
as they looked upon the World to be longer from Weſt 
to Eaſt than from North to South, they gave the 
Name of Longiſude to the longer Dimention, and 
that of Latitude to the ſhorter. But when it was 
diſcorered that the Earth was round, and conſequently 
that there was no extreme Point of Longitude, Geo- 
praphers began to neglect this Method, and every one 
cole a firſt Meridian according to his Fancy and In- 
Cination, Thus, an Exgliſb Geographer ſhall tell you 
tne firlt Meridian paſſes through London; a Frenchman, 
that it paſſes through Paris, &c. 


Q4 2 This 
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The Lati- The Latitude of a Place is an Arch 

__— of the Meridian, intercepted between 
the Place and the Equator; and is ei. 
ther Northern or Southern, as the Place 
lies on this or that Side the Equator. 

TheEqui- The Equinoctial and the Equator are 

noctial. different, the former being a Circle in 
the Heavens, which the latter would 
mark out if ſuppoſed to be extended 
thither. 

Northern The Equinoctial divides the Heavens, 
2 as the Equator does the Earth, into two 
foheres, equal Portions, called the Northern and 
Uh Southern Hemiſpheres. 

i Ai- And as by the Secondaries of the 
and De. Equator, Places upon the Earth are re- 
clination. ferred to the Equator ; ſo by theſe of 

the Equinoctial, the Places of the hea- 
venly Bodies are referred to the Equi- 
noctial. But as an Arch of the Equa- 
tor, intercepted between the firſt Me- 
ridian and that which paſſes through 
any Place, is the Longitude of that 
Place; an Arch of the Equinoctial, in- 
tercepted between the firſt Point of 


Aries and that where it is cut by a Se- 


This arbitrary Way of reckoning the Longitude 
from different Places makes it neceſſary, whenever 
mention is made of the Longitude of any Place, to 


mention alſo the Place from whence that Longitude is 
counted, 5 


condary 
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condary of the Equinoctial that paſſes 
thro' the ſaid Body, is called its Right 
Aſcenſion. And an Arch of the ſame Se- 
condary, intercepted between the ſame 
Body and the EquinoCtial, is called its 
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Declination, which is alſo either North- Declina- 


. 0 t 
ern or Southern, as it happens to be in 


the one or the other Hemiſphere. 


in theſe Points, it is alſo in the Equa- 
tor, and therefore makes the Days and 
Nights of an equal Length all the 
World over. The Solftitial Points are 
thoſe Points in the Ecliptic where the 
. Wequator is moſt diſtant from it; and 
. We ſo called, becauſe when the Sun is 
h Win them, it can ſcarce be perceived to 


at Wilter its Diſtance from the Equator for 
\- Wine Time. 


the Equinoctial more remarkable than 
the reſt, called the Colures; the one 
paſſes through the Equinoctial Points, 
ad is called the Equincctial Colure ; 
be other is placed at right Angles with 
45, and paſſes through both the Poles 
ary of 


There are two of the Secondaries of 


jon. 


From hence the Secondaries of the Circles of 


; 5 a Aſcenſion 
EquinoCtial are ſometimes called Circles . ee 
of Aſcenſion and Declination. nation. 


The Equinoctial Points are thoſe Equinoc- 


where the Equator cuts the Ecliptic; dal and 
Solſtitial 
and are ſo called, becauſe when the Sun points. 
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of the Equator and of the Ecliptic to, 
and is called the Solſtitial Colure. 

HourCir- Secondaries of the Equinoctial drawn 

cles. through each 15th Degree thereof, vil 
divide it into 24 Parts; each of which, 
ſince the Earth revolves once round itz 
Axis in 24 Hours, will anſwer to one 
Hour ; that is, each of them (ſuppoſing 
the Heavens to revolve as they appex 
to do) will ſucceed into the Place of: 
foregoing one in the Space of one Hour; 
and are for that Reaſon called Hour 
Circles. And the Inhabitants of any 
Part of the Earth, whoſe Meridian coin- 
cides with any one of theſe, will differ 
in their reckoning of Time one Hour 
from thoſe whoſe Meridian 1s coincident 
with the next; and fo on. 

Tropics Of the Parallels of the Equator, fou be 

nd are more remarkable than the reſt, and 
diſtinguiſhed by particular Names, v, 
the Tropics and Polar Circles. 

The Tro- The Tropics are thoſe Circles which 

9 the Sun in its greateſt Declination ſeems 
to deſcribe by its diurnal Motion; and 
are therefore ſo far removed from the 
Equator, the one on the one Side, and Cor 
the other on the other, as is the Incint- 
tion of the Equator to the Ecliptic, 2 
23 Degrees and an Half. They are cal 


ed Tropics, becauſe when the Sun *J0! 
| rive! 
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yes at either of them, it returns back 
2gain towards the Equator. 

That which lies in the Northern He- Tropic of 
miſphere is called the Tropic of Cancer, wor pM 
becauſe it touches the Ecliptic in the pie of Ca- 
firſt Degree of that Sign. The other, 2 
the Tropic of Capricorn, for a like 
Reaſon. | 
ir The Polar Circles are thoſe which the The Polar 
2 poles of the Ecliptic ſeem to deſcribe Citeles. 
r; by the diurnal Motion of the Earth; 
ur and are therefore each of them at the 
ame Diſtance from the Poles of the 
n- Earth, that the Tropics are from the 
fer Equator. That which lies in the 
hut Northern Hemiſphere is called the Arc- Ardic and 
en Circle, from 44r&us, the Bear, N 
Conſtellation near that Place; the other 
being in Poſition oppoſite to this, is 
called the Antarctic Circle. For the 
ame Reaſon the North Pole of the 
Earth is ſometimes called the Arctic Arctic and 


our 
and 
U1% 


nichr, the other the Antarctic. 18 
| EY " oles. 
em By means of the Tropic and Polar 
andircles (or rather by certain imaginary 
theßgeircles upon the Surface of the Earth 


and 
11n4- 
V12, 
call- 
1 4 
rivet 


Wrreſponding to them, and called by 

he ſame Names) the Surface of the 

Larth is divided into five Parts, called 

onen. The one of which is called the 

grid Zone, and is that Space or Tract Torrid 
HE Re ge © * of Lone, 


—1 
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of the Earth which is comprehende 
between the two Tropics. The Ay. 
cients imagined this Tract of the Earth 
to be uninhabitable, on Account g 
the Heat of the Sun there. There xe 
Frigid two frigid Zones, the one is that Portion 
Zones. of the Earth's Surface which is include 
within the Arctic Circle, the other with. 


in the Antarctic. The remaining twWu 

Tempe- are the temperate ones, lying one onfMWF 

Zones, one Side the Equator, and the other 
on the other, between the frigid and 

the torrid ones. 1 


The Inhabitants of theſe Zones ate 
diſtinguiſhed by the different DiredionWo 
of their Shadows. Thus, they that e . 
The Am- in the torrid Zone are called Amphiſci; b. 
Phiſcii. becauſe their Noon Shadows are catWD 
| ſometimes towards the North, and di 
ſometimes towards the South, accord on 
ing as the Sun at Noon is to the North- 
ward or the Southward of them. But 
when the Sun paſſes directly over their 
Heads at Noon, they caſt their Shs: 
dow neither the one Way nor the other, 

TheAſci;, and are called Aſcii. 
The Inhabitants of the temperate 
The He. Zones are called Heteroſcii, becauſe 
rczoſcii. they never caſt their Meridian Shadow 
but one Way. Such as inhabit the fri- 
3-1 Peri- gid Zones are called Periſci, * 
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y reaſon that the Sun is ſometimes 
above their Horizon for a Day or more 
without ſetting, their Shadows turn 
Hite round them. 

The Inhabitants of the Earth have 


L . . . 

ao been diſtinguiſhed into three Sorts, 
1M with regard to their Situation with re- 
WM fe to each other. They who live 


under the oppoſite Points of the ſame 

Parallel of the Equator, are called with 

reſpect to each other, Periceci. | Pericecig 
Theſe have the ſame Seaſons of the 

Year; but it is Midnight to the one, 

when it is Noon or Mid-day to the 

ion other. Others are called Antaci, as Antœci. 

live living under the ſame Semimeridian, 

ci but in oppoſite Parallels. Theſe have 

cali Day and Night at the ſame Time, but 

different Seaſons, it being Summer with 

one when it is Winter with the other. 

Others are Antipodes, with reſpe& to Anti- 

each other, that is, they live in oppoſite Podes. 

Parallels, and alſo in oppoſite Semime- 

dans ; ſo that they are on the oppoſite 

Points of the Globe; and therefore 

have both their Days and Nights, and 

their Seaſons of the Year reverſed, the 

one with reſpect to the other. 


91 III. Of 
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The ſenſi- 
ble Hori- 


Ton. 


m- _ Earth, and is called the rational Hori- 
rizxon, Zon. The Diſtance between theſe 


Zenith. 


Nadir. 


Vertical 
Circles, 
or Azi- 
muths. 
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III. Of the Horizon, and ether Particy. 


lars relating to it. 


The Horizon is a Circle in the Hes. 
vens, whoſe Plane touches the Surface 
of the Earth, in the Place of the Spec. 
tator. This Circle ſeparates that Pan 
of the Heavens which is viſible from 
that which is not; and is called the 
ſenſible Horizon, in Contradiſtinction to 
another Circle parallel to this, whoſe 
Plane paſſes through the Center of the 


two Circles is ſo ſmall with reſpe to 
that of the Fixed Stars, that it is uſually 
neglected, and the Circles are ſuppoſe 
to coincide. 
The Poles of the Horizon are two 
Points, the one of which is exactly over 
the Head of the Spectator, and is called 
the Zenith; the other directly unde! 


his Feet, and is called the Nadir. N 
The Secondaries of the Horizon pag. 
through the Zenith and Nadir, and atqhhnte 
called Vertical Circles or Azimuths Wo; 


Its Parallels, Almicantarah, or com- 
monly Almicantars (c), 


(c) Theſe are Terms introduced into Aſtronomy Þ 
the ancient Arabian Philoſophers, and ſtill retained, 
Among 
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Among the Vertical Circles of the 

Horizon there are two more remark- 

able ones, iz. the Meridian, and the Meridian 

prime Vertical, (for the Meridian of 8 

any Place is a Secondary of the Horizon 

of that Place, as well as of the Equator.) 

The Meridian, as obſerved above, 

paſſes through the Zenith and the Poles 

of the Equator. This cuts the Horizon 

in two Places, which are called the 

North and South Points thereof. The 

prime Vertical cuts the Meridian at 

night Angles in the Zenith and Nadir, 

and by interſecting the Horizon marks 

out the Eaſt and Weſt Points; and 

U cherefore theſe two Circles cut the Hori- 

ally W:on into four Quarters, each of which 

b ſuppoſed to be divided into eight, the 

Whole therefore into thirty-two, which 

pre called the Points of the Compaſs, of Points of 


over Which the four firſt mentioned, v2s. - As 
4 Falt, Weſt, North, and South, are called? 
nde 


by way of Eminency, the Cardinal Points. Cardinal 
The Altitude of a Star is an Arch of Hints. 
Vertical Circle that paſſes through it 2 
| P - Ol g » and De 
Wtcrcepted between the Star and the prethion of 
lorizon. If the Star be below the Ho- — 
ion, it is then called its Depreſſion. 
When a Star is upon the Meridian of Culmina- 
ny Place, it is ſaid to culminate, or to den f 3 


omy "LP Rt : to Star. 
done its Meridian Altitude. 
Amon The 
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The Azi- 
muth of a 
Star. 


The Am- 
plitude of 
a Star. 


Riſing 
and ſet- 
ting Am- 
Pplitude. 


The Mid- 


heaven. 


Nineticth 
Depree 


The Ele- 


vation of 
the Pole. 


Point of the Ecliptic which is diſtant 
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The Azimuth of a Star is an Arch 
of the Horizon, intercepted between 
the North or South Point thereof, and 
the Vertical that paſſes through the 
Star; and is either Eaſtern or Weſtery, 
according to the Situation of the Star 

The Amplitude of a Star is an Arch 
of the Horizon, intercepted between 
that Point where the Star riſes or ſet 
and the Eaſt or Weſt Point of the Ho 
rizon ; and is either Northern or South 
ern. If the Amplitude be taken fro 
the riſing of the Star, it is then calle 
its riſing Amplitude; if from the Place 
where it ſets, its ſetting Amplitude. 

That Point of the Ecliptic throug 
which the Meridian of any Place paſſe 
is called the Mid-heaven. And th: 


Quarter of a Circle from the Poin 
where it cuts the Horizon, is called th 
Ninetietb Degree. 

The Height of the Pole above th 
Horizon is called its Elevation. An 
this is equal to the Latitude of t 
Place ; for either of them being adde 
to the Diſtance between the Zenith an 
the Pole, makes juſt a Quarter of 
Circle (d). n 


= © 2 TS woes oo .Do 


(4) From hence ariſes the Method of meaſurin? 0 
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The Inhabitants of the Earth are 
again diſtinguiſhed by the Sphere they 
are ſaid to live in. Thus, ſuch as live 
under the Equator, have their Horizon 
paſſing through both the Poles of the 
Earth, and cutting the Equator and all 
its Parallels at right Angles, and from 


that the Days and Nights are of an equal 
Length all the Year long, and the Stay 
which any of the Heavenly Bodies make 


Circumference of the Earth. For, let two Places be 
picched upon, lying North and South of each other, 
{uch that che Elevation of the Pole in one ſha!l exceed 


meaſure the Diſlanee between the two Places in Miles: 
Then as one Degree is to the Circumference of a Circle, 
or 360 Degrees, ſo is that Number of Miles to the 
Circumference of the Earth. By this Means the Cir- 
cumference of the Earth is found ſuch, that the Length 


This Meaſure was firſt found out by our Countryman 
Nerood, and afterwards attempted by the French Ma- 
thematicians, who twice applied themſelves to it by 
tle King's Command, and diſcovered almoſt the ſame 
Meaſure that Noarawood had done before. They took 
the Length of a paved Cauſey of near ſeven Miles, that 
lies between Jeuos Village and Inviſium in Picardy, by 
actual Menfuration ; and then by a Survey from thence 
wh the moſt accurate luſtruments, they took the Diſ- 
lance between Malcivin and Surdon, which lie almoſt in 
a ſtraight Line from North to South; in both which 
Places they took the Height of the Pole, and from 
thence computed the Circumference of the Globe. The 
Th Mathematicians ſet over this Work were Monſieur Pi- 
card the firſt Time, and Monſieur Cagrni the ſecond. 


ſuring tl VoL 0 I J. R above 
0 


r of 


ts Elevation in the other by one Degree ſuppole, tuen 


of ore Degree therein is equal to 69 Egli Miles. 
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thence are ſaid to live in a right Sphere. Right 
The Property of which Sphere is this, *Phre? 
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Oblique 
Sphere. 


Para'lel 
Sphere. 
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above the Horizon is equal to thy 
which they make below it. The Rea. 
ſon is, that all the Parallels of the 
Equator, in which the Heavenly Bodies 
ſeem to perform their diurnal Revolu- 
tion, are cut into two equal Parts by 


the Horizon. 


Such as live between the Equator, 
and either Pole, have their Horizon 
croſſing the Equator and all its Paral- 
lels, leſs or more obliquely, as they live 
leſs or more diſtant from the Equator, 
Hence theſe are ſaid to live in an ob- 
lique Sphere, and have all the Parallels 
of the Equator cut into unequal Parts 
by their Horizon, ſo that neither the 
Sun nor any of the heavenly Bodies, 
unleſs they be in the Equator, make 
an equal Stay above and below thei 
Horizon. 

To thoſe who live at the Poles of the 
Earth, if any fuch there be, the Equz- 


tor is parallel to, or rather coincident 


with the Horizon, and all its Parallel 
are parallel to it; from whence this | 
called a Parallel Sphere. The Property 
of this Sphere is, that it is Day for Hall 
the Year together, and Night for the 
other Half. For the Equator and Ho- 
rizon being parallel, ſo long as the Sun 


continues on the ſame Side the Equato! 
0 
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| ſo long muſt its Stay be on the ſame 
Side the Horizon, and conſequently fo 


8 long is it Day at one of the Poles, and 
; Night at the other. And the Fixed 
— Stars do not riſe or ſet in this Sphere, 
N becauſe they do not remove their Places 
from one Side of the Equator to the 
, other, as the Sun and Planets are ob- 
n ſerved to do. | | 
|- It is obvious, that in a right Sphere, 
„e WW the fame Point of the Equator which 
r. comes to the Horizon with any Star, 
b- WW will alſo come to the Meridian with 


ls the ſame ; becauſe in this Sphere both 

ris the Horizon and the Meridian become 

he WF Secondaries of the Equator. Now an 

es, Arch of the Equator intercepted be- 

ke WF tween this Point and the firſt of Aries, 

xi is called the right Aſcenſion of a Star, Right £*- 
But in an oblique Sphere, ſome other 47 9g of 
Point different from that which comes 

to the Meridian with it, will rife with 

it, becauſe of the Obliquity of the 

Horizon to the Secondaries of the 
Equator. And the Diſtance between 

that Point and the firſt of Aries, is 

called the oblique Aſcenſion of a Star, Ob'ique 
And the Difference between its right and 8 


| | ſion. 

oblique Aſcenſion is termed its Aſcen- Acer fo- 

onal Difference. nal Dif. 
ference. 


R 2 In 
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In an oblique Sphere there is a Pa- 
rallel of the Equator, fo far diſtant 
from the Pole as is its Elevation above 
the Horizon, the Stars that are compre. 
hended within which ſeem to revolye 
about the Pole without ever riſing or 
_—_ ſetting. This is called the Circle cf 
na: perpetual Apparition. There is another 
tion. oppoſite to this, and at the ſame Dil- 

tance from the other Pole, called the 
Circle of Circle of perpetual Occultation ; be- 
8 cauſe the Stars that are included therein 
tion. never appear above the Horizon. 

The ancient Geographers were wont 
to diſtinguiſh the different Regions of 

P wallcls the Earth by Parallels and Climates, in 

mates ſuch Manner, that in going from one 

i Parallel to another, the Days at the 

Summer Solſtice ſhould be increaſed a 

Quarter of an Hour. So that ſuppoting 

the Equator to be the firſt Paralle}, 

under which the Days are always 12 

Hours long, the next ſhould be where 

the longeſt Day of the Year ſhould be 

| 12 Hours and a e long, &c. And 

| | two ſuch Parallels made one Climate, 
| till we come to the Polar Circles. And 
from thence to the Poles they reckoned 
the Climate ſuch, that the Stay of the 
Sun above the Horizon was a whole 
Month 


oe — — "OT mY 2 
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Month different in one from what it 
was in the next contiguous one. 

As the Year of the Ancients was not 
preciſely adapted to the annual Motion 
of the Sun, as we ſhall fee hereafter, it 
happened that the Seaſons did not al- 
ways fall on the fame Part of their Year, 
ſo that it was not accurate to denote the 
Time of the Year by the Day of the 
Month. It was therefore uſual with 
them to diſtinguiſh the Seaſons by the 
Coſmical, Achronical, and Heliacal riſ- The Poe- 
ing and ſetting of the Stars. And be- 2 
cauſe we meet with theſe Diſtinctions Ges * 
moſt frequently among the Poets, they the Stars. 
are called the Poetical Riſings and Set- 
tings of the Stars. 

A Star is ſaid to riſe or ſet coſmically, 
when it riſes or ſets at Sun-rifing : And 
when it riſes or {ets at Sun-ſetting, it is 
ſaid to riſe or ſet achronically. A Star 
ſes heliacally, when it emerges out of 
the Sun's Rays, and is got fo far from 
it as to become viſible: And it is ſaid 
to ſet heliacally, when it firſt immer- 


des into the Rays, and becomes 1nvi- 


tible (e). 


e) Kepler will have it, that theſe Words are to be 
taken in another Senſe, ſo as that to riſe or ſet coſmi- 
cally ſha!l ſignify the ſame as to aſcend above, or de- 
ſcend below the Horizon; but that to riſe or ſet 
achronically, is the ſame as to riſe or ſet in the Sun's 

R 3 Oppo- 


262 Of the Doctrine, &c. Part IV, 


Oppoſite, or in the other Achron, or Extreme of th, 
Night: In which Senſe Pro/:my, and to this Day mol 
Aſtronomers ſay, a Planet is achronical, when it i; 
Oppoſite to the Sun, and ſhines all Night; ſo that ij 

riſe achronically is, as above, the ſame as to riſe when 
the Sun is ſetting ; but to ſet achronically, is to ſet 
when the Sun is riſing, which is commonly called the 
Colmical Setting. 


CHAT. it 
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r Gan XY; 
5 The Deſcription and Uſe of the Orrery 
te and the Globes, 


J. HE Orrery is a Machine deſigned to 
repreſent at one View the real Mo- 
tions of the heavenly Bodies. In order to 
| this, in the Middle of a large Circle deſigned 
to repreſent the Ecliptic, is fixed a Globe re- 
preſenting the Sun, Next to the Sun a ſmall 
Ball repreſenting Mercury, Next to this 1s 
Venus repreſented by a larger. At a greater 
Diſtance ſtill from the Sun, is the Earth repre- 
ſented by an Ivory Ball. Round the Earth, 
at ſome Diſtance from it, is a Ring to expreſs 
the Orbit of the Moon, making an Angle 
with the Circle that repreſents the Ecliptic, 
and thereby ſhewing the Inclination they have 
to each other in the Heavens, and alſo the 
Line of the Nodes, Within this Ring is a 
[mall Ivory Ball repreſenting the Moon, and 
having a black Cap or Caſe, which always 
covers that Hemiſphere which is turned from 
tie Sun ; and thereby diſtinguiſheth the en- 
lightened Part from the dark one. Beyond 
theſe is ſeen Mars, then Jupiter and its four 
Moons, and outermoſt of all is Saturn with 
ts Ring and five Moons. 
R 4 All 


A P. 


1 
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Ali theſe are fixed upon ſmall Stems which 
ſeverally repreſent their Axes, each of which 
has its peculiar and proper Inclination to the 
Plane of that Circle which we ſaid was to re. 
preſent the Ecliptic : And when the Machines 
put in Motion, all thefe Bodies move round that 
which repi- ſents the Sun, and at the ſame Time 
both that and ail thoſe which repreſent ſuch of 
the Planets as have been obſerved to have x 
Rotation abou! their Axes, turn round upon the 
ſaid Stems, and in their proper Times. The 
Moons alſo revolve about their Primaries at the 
ſame Time, and the Ring that repreſents the Oibit 
of the Moon has likewiſe its proper Motion, 
whereby that of its Nodes is alſo expreſſed, 

Theſe Bodies are all kept in Motion by 
Wheel work concealed in a Caſe underneath, 
and turned by a ſmall Winch in the Side of the 
Caſe ; one Turn anſwering to a Revolution of 
the Ball which repreſents the Earth, about 
its Axis; and conſequently to 24 Hours of 
Time. So that 27 Turns cauſes the Sun to 
turn once about its Axis, 355 carries the Earth 
about the Sun, 27 the Moon about the Earth, 
Sc. So that not only the Motion of the Hea- 
venly Bodies may he repreſented, but their 
Situations with reſpect to each other may be 
thewn for any Time either paſt or to come (4); 

(2) This and the next Paragraph muſt be underſtood with 
ſome Limitation, Machines of this kind being ſufficient!y 
adapted to common Uſe ; though not accurate enough for this 


Purpoſe ; none of the Machines of this kind which have het 
been made, being io contrived as :o ſnew this with Accuracy” 


by 
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yy giving the Winch a proper Number of 
Turns backwards or forwards as the Caſe re- 
gires. 

There is uſually allo a Lamp in a Caſe, 
uu one or more convex Glaſſes in the Side 
of it, to throw a ſtrong Light directly for- 
wards; this Lamp being put in the Place of 
the Sun, and that Side of the Caſe which has 
he Glals in it directed towards the Earth, the 
Lamp being al ſo contrived to turn according to 
the Motion of the Earth, a ſtrong Light is 
thereby continually thrown upon the Earth 
it cod the Moon, wherever they are, and fo not 
n Worly the Times in which the Eclipſes of the 

Von and Moon, that is, properly of the Earth 
by ad Moon, will happen, are ſhewn, but they 
themſelves are duly repreſented (a). 


H. As 


(a) Artificers generally erect upon the Ecliptic ſome Semi- 
circles, to repreſent ſome of the principal Circles of the Heavens. 
But this is wrong, and tends to Confuſion ; becauſe theſe Circles 


n to deing only imaginary, and ariſing from the apparent Motions of 

7 the heavenly Bodies, ought to have no Place in the Orrery : 
art Which as it expreſſes their real Motions, ſerves to explain, yer 
irth, Ws Þ no means intended to repreſent their Phenomena ; the Phæ- 


mera and real Motions being in ſeveral Caſes directly con- 
ry to oe another. To be particular, they have in ſome 
ned Extremities of a Semicircle, which. they call a 
LY be moveable Horizon by two Hinges to the Ecliptic, at the firſt 
Verree of ies and Libra; this is as if all Horizons neceſſarily 

(a); palled through theſe Points, which is impoſſible, becau'e there 
_ de as man, Horizons as Points upon the Earth. So that the 
cienty ung or this Circle is not only an Impropriety, but is at- 
ol 0 with a neceſſary Blunder, A learned Expoſitor of the 
ave yet ety lays, * when this Machine is ſet to any Latitude, (for 
| hey have a Contrivance for that too) ſet the moveable Ho- 

by 1120n to the ſame Degree upon the Meridian, and you _ 
arm 
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II. As the Orrery is a Machine proper t 
repreſent the real Motions of the Heavenly 
Bodies, ſo the Globes are adapted to their ap. 
parent Motions: And that I may give the 
Reader a juſt and adequate Idea of them,! 
ſhall premiſe the following Deſcription of: 
Machine, which though imaginary, will greatly 
tend to the true Conception both of their N. 
ture and Uſes. 

In order to this, let us conceive a [are 
hollow Sphere repreſenting the Inſide of the 
Heavens, and on the inner Surface of this Sphere 
let the Sun, Moon, and Stars, be ſuppoſed to 
be delineated in their proper Places; and le 
the Sphere be put into a Frame, and han 
there in ſuch a Manner, as that it may be ca. 
pable of turning about an Axis: And let it be 
o contrived, that either End of the Axis may 
be raiſed or lowered at Pleaſure. 


form an Idea of the reſpective Altitades, or Depreſſions of the 


* Planets above or below the Horizon, according to their re 
ſpective Poſitions, with regard to the Meridian. = 
Now the Idea which the Motion of the Orrery in this Poſſtio 


gives me, is that the whole Earth is one half of the Year abort 


the Horizon, and the other half below it. For the Ball which 
repreſents it in the Orrery is manifeſtly ſo, while it performs! 
Revolution about the Sun, 


Again, ſome Artiſts, in order to make the Orrery repreſent i 


ſeveral Phaſes of the Moon, make one half of the Ball th: 


repreſents her black; in which Caſe they are obliged to contrilt 
it ſo, that the ſame Side of the Moon ſhall not be always turn 


towards the Earth; which is contrary to her real Motion, ( 
that the dark Side ſha!} ſometimes be turned towards the din 
which is abſurd. 
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in the Midſt of this Sphere, let there be a 
nal Ball to repreſent the Earth, but fo fixed 
p- Where, as not to turn round with the Sphere, 
the ad let a Spectator be ſuppoſed to be placed on 
be uppermoſt Point of this Ball; and to pre- 
bat any Part of the lower half of the Sphere 
om being viſible to him, let a Plane, that is, 
NW thin broad Subſtance, a Plate of Braſs for In- 
ance, be ſuppoſed fixed on that Point of the 


rg: Wl! where the SpeRator ſtands, and to reach 
the bn all Sides as far as the inner Surface of the 

y ohere : This will repreſent the Horizon of 
10 


hat Spectator; becauſe it ſeparates the upper 
alf of the Sphere, which we are to ſuppoſe 
ifible to this Spectator, from the lower, which 
ye muſt ſuppoſe to be out of his Sight. Then, 
s is moſt obvious, by turning this Sphere 
nce round, while the Ball, the Spectator, and 
he aforeſaid Plane remain unmoved, the riſing 
Ind ſetting of the Sun, Moon, and Stars, by 
heir paſſing by the Edges of this Plane, will 
de duly repreſented (a): And thoſe. Stars 
which do not go down ſo low as the Plane 
as is evident if one End of the Axis of the 
phere be above it, ſome will not,) will be 
noſe which never ſet to a Spectator on that 
art of the Earth, which correſponds with the 


{ let 


Jang 
=. 
it be 
may 


s Of the 
heir re 


Poſinot 
x abo! 5 
which 
orms! 


ſent de 
all tha 
COntrivl 
's turned 
2110n, , 


(a) The Reader is to ſappoſe here, that in this Caſe the 
the 80 


Phere is not hung in its Frame in ſuch manner, that one Ex- 
emity of its Axis ſhall be directly over the Spectator; becauſe 
that Caſe none of the Heavenly Bodies in turning the Sphere, 
[ u paſs by the Edge of the Plane. 


uppermoſt 
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uppermoſt Point of the Ball; thoſe uhu 
during the whole Revolution, do not ge 
high as to come above it, will be thoſe wil 
never riſe. | 

Again, if we ſuppoſe a Circle as large as the 
Infide of the Sphere will admit of, to be pr 
within it, in ſuch manner as to have the A 
of the Sphere paſſing through two oppoſis 
Points of it, and alſo to have one Point of 
it directly over the Head of the Spe&u | 


and the oppoſite one directly under his Fee i 
and to remain unmoved while the Spherdifſ* 
turns: This will repreſent the Meridian oi 
that Spectator; and ſo the Culminations oi. 
the Heavenly Bodies, that is, their pafling thilfſ® 
Meridian in the Heavens, will be exhibited Wiſh" 
their paſſing by this Circle. IH 

Farther, if we alſo imagine an Index e 
the Hand of a Clock, to be fixed upon one b 
of the Extremities of the Axis of the Sphere 4 


in ſuch manner as to turn with the Sphere, ant 
to point continually to a Circle fixed on tit 

Frame, with the 24 Hours delineated upon i In 
and if this Index be ſet to point to the Hou a 
12, when the Sun's Place upon the Sphere la 0 
any given Day, is at the Circle that repreſen} - 
the Meridian, then by turning the Sphere tit 1 
Way or that, till the Place of the Sun or a! q 
of the Stars comes to the Plane above-mel 
tioned, the Index moving along with the Sphere 
will point to the Hour at which they riſe" 


ſet that Day: And if we obſerve to " 
0 
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Hour the Index points, when any of them 
croſſes the Meridian within the Sphere, the 
Time of their Culmination, or Southing, will 
be expreſſed: And ſo by this Machine all 
Problems relating to the riſing, ſetting, and 
ſouthing of the Sun, Moon, and Stars, may be 
ſolved. The Reaſon why the Index muſt be 
ſet to point to the Hour 12, when the Place 
of the Sun is brought to the Meridian, is that 
it may point to that Hour, which the real Sun 
indicates, when the Heavens ſtand in a Poſi- 
tion correſponding with that of our imaginary 
Sphere. 

But ſince by Means of the annual Motion of 
the Earth round the Sun, the Sun continually 
ſhifts its apparent Place in the Heavens in ſuch 
manner, as to ſeem to deſcribe a great Circle 
once a Year ; it 1s evident that its Place cannot 
be delineated on the Inſide of this Sphere as 
we have ſuppoſed, unleſs it be for a Day or 
a few Hours, during which Time its change 
of Place is ſo ſmall that it may be neglected. 
In like manner the Planets are continually 
changing their apparent Places in the Heavens, 
by means of their Motions in their reſpective 
Orbits; neither therefore can their Places be 
aligned them, unleſs for a very ſmall Interval 
of Time, Let us then imagine both the Sun 
and the Planets to be repreſented by little Balls 
ipher adhering to the inner Surface of the ſaid Sphere; 

riſe 0 but let it be ſo contrived, that each Ball ſhall 
| wht ſaift its Place with every Turn of the Sphere, 

Ho juſt 
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juſt ſo much, and in the ſame Direction thy 
the Sun or other heavenly Body the Ball je. 
preſents, appears to ſhift its Place in the Heaven 
in one Day: And let the Index (kift with the 
Sun, ſo that it may always point to 12, whe 
the Place of the Sun comes to the Meridian, 
Then, as is moſt obvious, will our Machine 
be ſo adapted, that upon turning it round con. 
tinually, the Change of the Time of the rifin 
and ſetting of the Sun, its difterent Meridian 
Altitude, the Viciſſitude and Length of Dy 
and Night, the Alteration of the Time of the 
riſing and ſetting of the fixed Stars and of the 
Planets, for ſo many Days running, as is the 
Number of Turns given to the Globe, will al 
be exhibited to View : And conſequently by 
turning the Sphere 365 Times round, the Sue. 
ceſſion of the Seaſons will be repreſented 
throughout the Year with Abundance more, 
or rather will all the remaining Phenomenz 
of the Heavens. | 
This Machine, as hitherto deſcribed, ſerves 
only to exhibit the Phænomena of the Heavens 
as they appear on one Point of the Earth 
Surface, viz. that which is repreſented by the 
uppermoſt Point of the Ball, or that where the 
Spectator was ſuppoſed to ſtand. But if wi 
imagine the Plane which was put as a Boun 
dary to the Spectator's Sight, to be applied t 
ſome other Point of the Ball and fixed there 
then the Motion of the Sphere will exhibit 


the Phznomena, as they would appear to“ 
Spectato 
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Spectator on thatP art of the Earth, and fo for 
the reſt ; or which comes to the ſame Thing, if 
while the Plane remains unmoved, one of the 
Poles of the Sphere be elevated above it as 
many Degrees as the correſponding Pole in the 
Heavens is above the Horizon of a Spector, 
on any Part of the Earth ; then will the Re- 
yolution of the Sphere repreſent the Phæno- 
mena as they appear to that Spectator. For 
it is the ſame Thing whether the Pole be 


N lifted up from the Horizon, or the Horizon 
te put down below the Pole (a). 

ls Now this Machine (except in ſome few 
the Particulars, in which it vaſtly excels the celeſ- 
| al tial Globe) is exactly the ſame with it as to its 
; by Uſes. Thus, the Globe turns upon an Axis, 
doe either End of which may be raiſed or depreſſed 


at Pleaſure; and on one of them is an Index 
that turns with the Globe, and points to a fixed 
Circle that has the Hours upon it. There is 
no Ball in the Middle, as we ſuppoſed in the 
Machine, but the Place of the Spectator is al- 


erves 
avens 
arths 
y the 
re the 
if we 


(a) By means of an Orrery to repreſent the real Motions 
of the heavenly Bodies, and ſuch a Machine as above deſcrived, 
4 ew afterwards how the apparent Motions of thoſe Bodies 

* on, and are connected with their real ones, the Elements 
Allronomy might be taught much better than by any Thing 
R has yet been contrived ; or rather, if I may ſo ſay, the 
Zoun — itſelf might thereby be exhibited to View. For the 
ied toll * though it admirably well illuſtrates ſome Things, par- 

- ur y the Eclipſes, and in general what relates to the Motions 
there elbe Planets about the Sun, yet it ſhews the Appearances or 
xhibi cnomena ariſing from thence to a Spectator, ſuppoſed to be 


at Reſt upo I s 
o Maca) 1 a mM Surface of the An but in a forced and un- 


ectato | Ways 
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ways ſuppoſed to be there ; and inſtead of the 
Plane we ſuppoſed to touch that Part of the 
Ball on which the Spectator ſtands, and to b 
extended every Way as far as the inner Surface 
of the Sphere, there is a broad wooden Circ: 
on the Outſide of the Globe, (which is Par 
of the Frame of it) exactly where that Plane 
would paſs, was it continued beyond the Su- 
face of the Globe, and fo anſwers the Uſes gf 
that Plane. In the next Place, inſtead of the 
Circle we ſuppoſed fixed within the Sphere and 
paſſing through the Zenitb and Nadir of the 
Spectator, and through which the Axis of the 
Sphere paſſes, there is a brazen Circle on the 
Outfide of the Globe, and in which it ſwings 
And inſtead of the Stars being on the inne 
Surface, they are here on the outer one, an 
the Conſtellations are delineated in their propet 
Forms. Then as to the Places of the Su 
and Planets, Artificers are content to leavt 
them quite out, and only draw a great Circle 
repreſenting the Path of the Sun in its annual 
Courſe through the Heavens, v:z. the Ecliptic 
and diſtinguith it into 12 Parts by the Sign 
thereof, and each Sign into 30 leſs, which! 
are the Degrees thereof. When therefore 
Problem is to be determined by the Globe, 
requiring that the Sun ſhould be delineated if 
its proper Place, you are to look out the Plac 
of the Sun for the given Time in ſome aſiro 
nomical Tables, Ephemeris, or Almanack fol 


that Purpoſe, or on the broad Surface of th 
| Hor1z0 
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Horizon of the Globe, where there is uſually 
a Table ſhewing the Sun's Place in the Ecliptic 
for every Day of the Year, and then to mark 
its Place on the Line which we faid repre- 
ſented the Path of the Sun upon the Globe. 
In like manner, if a Problem is to be folved 
requiring the Place of any of the Planets, the 
Place of the Planet for the Time given muſt bz 
looked out in ſome Ephemeris or Almanack, 
of which there are many publithed yearly by 
Parker, and others, for that Purpote, containing 
Tables expreſſing the Longitude and Latituic 
of each Planet tor every Day of the Near; 
and marking the Place of the Planet upon the 
Globe, by ſticking on a Patch, or the like, and 
ſetting the Index according to the Place of the 
Sun for the given Time, and turning the Globe 
about, the Index will thew the Time of that 
Planet's coming to either Side of the Horizon 
to the Meridian, or to any Height above or 
below the Horizon, Ge. 

If then the Reader will form to himſelf a 
true Idea of the Machine I have defcribed, and 
of the manner in which ſuch a Macnine is ca- 
pable of repreſenting the apparent Motions of 
the heavenly Bodies, he cannot fail of having 
a thorough Notion of the Nature of the ce- 
leſtial Globe; the main Difference between 
them, being only this, v73. that what we have 
ſuppoſed in the one to be on the Infide, is 
either actually in the other on the Outſide, or 

. > to 
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to be fixed on, or to have its Place marked 
there, as Occaſion requires. The Uſes both of 
the celeſtial and terreſtrial Globe, as to parti. 
cular Caſes, will be further illuſtrated by the 
Inſtances at the End of this Chapter, after 
we have conſidered ſome other Particulars re. 
lating to each. 

The Circles delineated on the celeſtial 
Globe are uſually, beſides the Ecliptic above- 
mentioned, the Equinoctial Circle at an equal 
Diſtance from either Pole, and two Parallels of 
it, vz. one on either Side, to repreſent the 
apparent diurnal Motion of the Sun, when at 
its greateſt Diſtance from the Equator, called 
the Tropics; and at the like Diſtance from 
either Pole, two more Parallels called the po- 
lar Circles. Both the Ecliptic and the Equi- 
noctial are divided into Degrees, beginning at 
the Point that repreſents the vernal Equinox, 
which is one of thoſe where they croſs each 
other; the Equinoctial into 360, but the 
Ecliptic into 12 Signs, diſtinguiſhed by their 
proper Characters, every one of which is ſub- 
divided into 30 Degrees (a). There are allo 
fix Secondaries of the Equator, and as many 


(a) As to the Diviſions of the Ecliptic, it is to be obſerved, 
that the Degrees belonging to each Sign are not to be found 
where the Conſtellation whoſe Name it bears is delineated, but 
where the Character peculiar to that Sign is placed. The Rea- 
fon of which is, becauſe the firſt Degree of Aries, from whence 
all the reſt are counted, being where the Equinoctial cuts the 
Equator, is not in this Age in any Part of the Conſtellation 


that bears that Name, as was accounted for above. 


of 
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of the Ecliptic cutting it in the firſt Degree 
of each Sign ; two of which are alſo Seconda- 
ries of the Equator, viz. the Equinoctial and 


Solſtitial Colures. Further, the Globe is fo 


hung 1n its Frame, that that Side only of the 
brazen Meridian which has the Degrees mark- 
ed upon it, paſſes through the Axis of it, which 
Side only, in all Caſes where that Meridian is 
conſidered, is therefore ſuppoſed to repreſent it. 
Upon the broad Surface of the wooden Hori- 
zon, beſides the innermoſt Circle divided into 
its proper Degrees, there is a Table ſhewing 
what Degree of the Eliptic the Sun is in for 
every Day of the Year, as was obferved above; 
in order to which the 12 Signs of the Ecliptic, 
with the Degrees of each, and the 12 Kalendar 
Months, are fo placed over-againſt one another, 
both according to the Julian and Gregorian 
Account, that is, according to the old and new 
stile, as that the Days of the one may duly 
anſwer to the correſponding Places of the Sun 
upon the other. There is alſo a Circle, repre- 
lenting the Winds or Points of the Compals. 
There is alſo belonging to the Globe a Q - 
arant of Altitude. It is a long and narrow 
Flate of Braſs, made ſo thin and pliant, that 
the whole Length of it may be applied cloſe to 
the Surface of the Globe, and having the De- 
gtees upon it (a), ſerves to meaſure the Diſtances 


a) That Edge which has the Degrees neareſt it, is called 
't eradunted Edge, and is the only Part of it that is conſidered 


g the uſing it. 
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of Places on the Globes; or being fixed on to 
the uppermoſt Point of the Meridian of the 
celeſtial Globe, (for which Purpoſe it has: 
Screw at one End) and having the other End 
thruſt in between the Horizon and the Glohe, 
meaſures the Height of a Star, or other Hes. 
venly Body above the Horizon, &c. From 
which latter Uſe it has its Name. 


The terreſtrial Globe differs from the ce. 
leſtial principally, in that inſtead of the Con- 
ſtellations, the ſeveral Countries of the Earth 
are delineated thereon; and the Circles on this 
Globe are uſually the Ecliptic, and the Equs- 
tor, on which are numbered the Degrees of 
Longitude (a), the two Tropics, the two polar 
Circles, Secondaries of the Equator cutting 
it at every tenth Degree, and Parallels alſo 
of it at every tenth ' Degree on each Side. 
There are alſo drawn upon it Rhumb Lines, or 
thoſe which a Ship, keeping the ſame Court, 
that is, ſteering continually in the ſame Point 
of the Compaſs, deſcribes upon the Surface ot 
the Sea. The Property of a Line of thi 
kind, is that it cuts all the Meridians it paſſes 
through, under the fame Angle, and therefote 
is a kind of Spiral continually approaching to- 
wards ſome Point. This is called a Loxv- 
dromic Curve. 

(a) On ſome Globes, the Degrees of Longitude are num: 


bered both Ways from the firſt Meridian, till you come to the 


oppoſite Point, and the Longitude is accordingly diſtinguiſhed 
into Eaſt and Weſt, 
The 


of 


Chap. XV. of the Orrery, &c. 277 


The Lines of Variation deſcribed upon the 
terreſtrial Globe, ſhew the Direction of the 
magnetic Needle, in thoſe Places in which it 
does not point directly towards the North. 
For it is obſerved, that the Needle in ſome 
parts of the World declines from the North 
to the Eaſt, and in others to the Weſt. 

Further, on the Pedeſtal of ſome Globes 
there is a Mariner's Compaſs fixed, by the 
Help of which, the brazen Meridian of the 
Globe may be ſet North and South (a). 


After this Deſcription of the Globes, and 
general Idea of the Uſe thereof, it may now 
be proper to exemplify the latter by the fol- 
lowing Inſtances. 

And firſt of the celeſtial Globe. 


Pros. I. To refify the Globe to the 
Latitude of any Place upon the Sur- 
face of the Earth. 


lt the Place be in the Northern Hemiſphere 
of the Earth, ſlide the Meridian within the 


(a) The Armillary Sphere comes the neareſt of any we have 
to that imaginary Machine deſcribed above, for jit is hollow, 
and has a Ball in the Middle to repreſent the Earth ; but then 
in all other Reſpects it is like a Globe, except that the Surface 
cut away every where, (unleſs where a Circle is deſcribed) 
that you may ſee the Ball in the Middle. There is one Circle 
left broad enough to repreſent the Zodiac, on which the Places 
0! the Sun and Planets may be marked, as Occaſion requires. 


S 3 Notches 
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Notches of the Horizon, till there be as man 
Degrees of the Meridian between the North 
Pole and the Horizon, as are equal to the La- 
titude of the Place (a). If the Place be in the 
Southern Hemiſphere, the Southern Pole muſt 
be raiſed to a like Height above the Horizon, 


Pros. II. To fnd what Stars never 


riſe or never ſet in any Place v 
Latitude given. 


The Globe being rectified to the given La- 
titude of the Place by Problem the firſt, thoſe 
Stars which paſs not under the wooden Hori- 
zon of the Globe, during its whole Revolution, 
never ſet to a Spectator in that Latitude: And 
ſuch as do not come up above it, never aſcend 
above that of the SpeCtator, and fo never are 
ſeen to riſe. 


(a) The Reaſon of this 1s, becauſe to a Spectator, upon any 
Part of the Earth, the Elevation of the Pole is equal to the Ia. 
titude of the Place; and the Globe is ſaid to be refed by this 
Operation, becaule, by this means, that Point of the little Ball, 
(for ſuch we mutt always ſuppoſe to be in the Middle of the 
Globe, to repreſent the Earth) that correſponds to the Place ol 
the Spectator upon the Earth, is brought to the uppermoſt Point 
thereof; and fo the Horizon thereof becomes coincident with 
the Plane of the wooden Horizon that ſurrounds the Globe, 
and the Poles of the Globe having the like Situation with re- 
ſpe& to the uppermoſt Point of the Ball, that the Poles of tit 
World have with reſpect to the Place of the Spectator; it is ev! 
dent that the Revolution of the Globe it fitly diſpoſed to exhidil 
that of the Heavens, as it would appear to that Spectator. 
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PROB3. III. To find the Sun's Place in 
the Ecliptic, for any Day given. 


If the Day given be according to the Julian 
Account, or old Stile, then in the wooden 
Horizon of the Globe, in the Julian Kalen- 
dar, otherwiſe in the Gregorian, find the Day 
given, over-againſt which in a Circle, which 
contains the ſeveral Signs and Degrees of the 
Ecliptic, is that Degree in which the Sun is on 
that Day. Though it may be found more 
accurately by an Ephemeris calculated for 
that Year. Then in the Ecliptic, delineated 
on the Surface of the Globe, look for the ſame 
Degree, and that is the Place of the Sun upon 
the Globe for that Day. 


Prop, IV. The Latitude of a Place 
being given, to find the Time of the 
Sun's riſing and ſetting, and con- 
ſequently the Length of Day and 
Might in that Place. 


Having rectified the Globe according to the 
Latitude, (by Prob. 1.) and found the Sun's 
Place in the Ecliptic (by Prob. z.) bring the 
latter to the graduated Edge of the brazen Me- 
tidian, and holding the Globe in that Poſition, 

S 4 ſet 
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ſet the Hour Index to 12 at Noon (a); 3 then 
turn the Globe tiil the Sun's Place in the 
Ecliptic comes to the eaſtern Part of the Hoi. 
zon, and the Incex will point to the Hour at 
which the Sun r1 es; and if you turn the Globe 
till the Sun's Place cuts the weſtern Side of 
the Horizon, the Index will ſhew the Time 
of its ſetting. 


PROB3. V. To find the Flour of the 
Day, by th: Height of the Sun. 


Firit, by the Help of a Quadrant or ſome 
other Inſtrument for that Purpoſe, obſerve how 
many Degrees the Sun is <levated above the 
Horizon. Then the Globe being rectified to 
the Latitude of the Place, and the Sun's Place 
in the Eci: pri found, and the Hour Index 
duly placed, that is. 10 as to point to 12 at 
Neon, when the Sun's Place is under the 
Meridian; and ſcrewing the Quadrant of Alti- 
tude on to the Meridian at the Zenith, (i. e.) 
2t o aug Degrees {rom tlie Eq: lator, as is the 
Latitude of the Place. Turn the Quadrant of 
Altitude and the Globe backwards and for- 


(a) Breauſe when the Place of the Gun is in the Meridian, 
the Giobe repreſents the Poũtion of the Heavens, in reſpect of 
the gleen Place, as they are at Noon; or at 12 Clock of the 
Day given. Arid conſt quently, if the Hour Index be put to 
12, whin the Globe is in this Poſitiap, as it turns with the 
Globe, it wi! point to the Hour that corrciponds with any 
(ther Pe fition ef the Globe that Pay, 


ward 
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wards, till the Sun's Place in the Ecliptic lies 
under that Degree on the graduated Edge of 
the Quadrant of Altitude, which anſwers to 
the Sun's Height found as above, then will 
the Hour Index point out the Time of the 


Day (a). 


POB. VI. To find the Hour of the 
Night, by the Height of a Star. 


The Height of the Star being found by an 
Inſtrument, the Globe rectified, the Quadrant 
of Altitude fixed, and the Hour Index duly 
placed, as in the foregoing Problem, move the 
Globe and the Quadrant, till the Star comes 
ie Wunder its graduated Edge, at that Degree 
Oo Wivhich expreſſes the Height of the Star above 
ce the Horizon, then will the Hour Index point 
x oo the Hour of the Night. 


ie Pros. VII. To find the Place of a Star 
0 or Planet pon the Globe, its Lon- 
be gitude and Latitude being given. 


4 png, CP 98 * 


Lay the firſt Degree of the Quadrant of 
Altitude, upon that Degree of the Ecliptic, 
which expreſſes the given Longitude, and the 
ninetieth Degree thereof on the Pole of the 


(a) Becauſe when the Sun's Place is brought to this Point of 
the Globe, it is ſo many Degrees above the Horizon, as the 
un itſelf is aboye that of the Spectator. 


Ecliptic, 
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Ecliptic, (that is, where its Secondaries cr 
each other upon the Globe) either Northern q 
Southern, as the given Latitude is North q 
South: Then look upon the Quadrant for the 
Degree of Latitude given, and the Point af 
the Globe which is under that, is the Place of 
the Star or Planet fought (a). 


Pros. VIII. To repreſent the Appur 
ance of the Heavens at any Time if 
the Might; that is, to ſbew the Si: 


tuation of the fixed Stars at that 
Time. | 


Rectify the Globe, and ſet the Hour Indes 
to the Sun's Place in the Ecliptic, and turn the 


Globe till the Index points to the Hour of the 
Night (5). 


©{7{ a... 4 ans Grd SH as as 


PRO]. 


(a) The Reaſon of this is, becauſe the Quadrant of Altitude 
in this Situation, repreſents a Secondary of the Ecliptic, an 
Arch of which interſected between the Star and the Ecliptic is is 
Latitude; and an Arch of the Ecliptic between the Point where 
it is interſected by a Secondary paſſing through the Star, and 
the firſt Degree of Aries, is its Longitude, 


Jt Pt — 


(5) For then the Situation of the Stars upon the Globe, vit 
reſpect to the Horizon and Meridian, will be ſimilar to that 
the Stars in the Heavens; wiz. thoſe which appear 0n the 
Eaftern Side the Globe in the Horizon will then be riſing, and 
thoſe in the Horizon at the other Side will be ſetting, thoi 
which are under the Meridian will then be culminating, Gs. 

And if by means of a Compaſs upon the Pedeſtal of tt 
Globe, you ſet the brazen Meridian North and South, ſo * 
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Pros. IX. The Day of the Year and 
the Latitude of the Place being given, 
to find the Beginning of the Morning, 
and End of the Evening Twilight, 


The Globe being rectified to the Latitude 
of the Place, and the Hour Index ſet to the 
place of the Sun in the Ecliptic, elevate that 
Degree of the Ecliptic which is diametrically 
oppoſite to the Sun's Place, 18 Degrees above 
the Weſt Side of the Horizon (a), and the 
Hour Index will ſhew the Time of Day-break 
or the Beginning of Morning Twilight. And 


lex the South Part of it ſhall reſpect the South Part of the Heavens, 
the the Situation of the Stars upon the Globe, with reſpect to the 
Points of the Compaſs, will alſo be fimilar to that of the Stars 
the in the Heavens at that Time; ſo that by comparing the Situa- 
tion of the Stars upon the Globe, with thoſe in the Heavens, 
you may eaſily make yourſelf acquainted with all the Stars, 
03. that are viſible in this Part of the World. 

If the Situation of the Moon or the other Planets is alſo to 
be repreſented, their Places in the Zodiac for that Time muſt 
be aſſigned them by Problem the laſt, their Longitude and 
-atitude being firſt found by an Ephemeris for that Purpoſe. 


1tude 
c, an 
C15 16s 
where 
„ and ) Becauſe then the Place of the Sun will be ſo many De- 
frees below on the other Side, in which Situation of the Sun, 


ne obſerv'd above, that the Twilight begins. The Quadrant 


with of Altitude will ſhew when the Point oppoſite to that of the 
that ol Sun is 18 Degrees above the Horizon. If this be tried for any 
on the Time while the Sun is paſſing from about the 5th Degree of 
g: a nini, to the 20th of Cancer, that is, from about the 15th of 


„ thoſe Moy to about the 7th of Fuly, it will be found that there is no 


Beginning or End of Twilight, the Sun never being 18 De- 


grees below the Horizon (in the Latitude of London) during 
that Time, | 
if 


„O. 

of the 

ſo that 
ind 
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if the fame Point of the Ecliptic be raiſed 18 
Degrees above the Eaſt Side of the Horizon, 
the Index will point out the Time when the 
Evening Twilight ends. | 


Pror. X. To account for the Phæno- 
mena of the Harveſt Moon. 


About the autumnal Equinox, when the 
Noon is at or near the Full, it riſes almoſt at the 
jame Hour for ſeveral Nights together; which 
Phenomenon is called the Harveſt Moon (a). 
In order therefore to ſhew by the Globe hoy 
this comes about, let us ſuppoſe the Place of 
the Sun to be in the firſt Degree of Libra, 2 
it always is at that Equinox, and that of the 
Moon to be in the Point oppoſite to the Sun, 
or the firit Degree of Aries, becauſe the 
Moon mult be conſidered as being at or nei 
the Full. In this Cafe it is obvious that the 
Moon will riſe when the Sun ſets, which will 
be at Six of the Clock; becauſe both Lumins- 
ries are in the Equator and at oppotite Points, 
Now ſince the Moon performs an entire Revo- 
lation in its Orbit, (which we will at preſent 
confider as coincident with the Ecliptic) in the 
Space of one Month, it therefore advances fol- 
wards 12 Degrees each Day, and confequentiy 


(a) Mr. Jehn/on calls this Phenomenon Luna autumnal:s, and 

3s the only Author that I know of that has accounted for l. 
Qneftiones Philoſoph. Edit. 2da, Page 124. 

4 the 
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the next Night it will be in the r2th Degree 
of Aries. Let us then enquire at-what Time 
the Moon will rife this Night. To this End, 
retify the Globe to the Latitude of the Place, 
bring the Sun's Place, which is now the ſecond 
Degree of Libra, to the brazen Meridian, and 
put the Hour Index to 12; and it the Globe 
be turned till the Place of the Moon, v7z. the 
12th Degree of Af ies, cuts the eaſtern Side of 
the Horizon, we ſhall find the Hour Index 
will point nearly to the Hour of Six, which, 
35 obſerv'd above, was the Time of the Moon's 
tiſiag the Evening before. And thus if we 
w WM inveſtigate the Time of the Moon's riling for 
of WM feveral Nights together, both before and after 
the Full, it will be found much the {ame in all. 
he The Reaſon of this 1s, that about the Time 
an, of the full Moons, which happen at this Part 
the of the Year, the Moon being in the aſcending 
Signs of the Zodiac, appears in its nocturnal 
Courſe to deſcribe a Parallel of the Equator 
one Night much nearer the North Pole than 
another, and ſo riſes every Night more and 
more to the Northern Parts of the Horizon, 
and that confiderably, as paſting quite from 
the Southern to the Northern Tropic in a 
Fortnight's Time. Now itis eaſy to conceive 
that the nearer any of the Heavenly Bodies is 
to the North Pole, the ſooner that Body (cœte- 
[77s paribus) aſcends the Horizon: Thus, if the 
Body be within a little of the Cel of per - 
petual Apparition, that Body is no fooner ſet 
but it riſes again. In every Lunation there- 
fore, 
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fore, while the Moon is paſſing from th, 
Southern to the Northern Tropic, ſome M. | 
nutes are on that Account to be deducted fron 
thoſe by which it would riſe later and later 
each Night, did the Plane of its Orbit coincigs 
with that of the Equinoctial; and as much j 
to be added while ſhe paſſes from the Northern, 


to the Southern Tropic. And for the lik WM 
Reaſon in the former Caſe ſomething is to {Mt 
added to the Time it would ſet at; and in tie 
latter a like Quantity is to be deducted. | 

Now about the Time of the autumnal Equi. 
nox, the Sun being then in Libra or there Mi! 
abouts, the Moon is in the midſt of the aſcend. Mc 
ing Signs, when at the Full. Hence it is that 
the full Moons at that Time of the Year, tiefe 
ſo little later the one than the other. 0 

In like manner, if any one thinks it worth 
while to obſerve it, he will find that the ru 
Moons in the Spring, riſe nearly at the fam It 
Hour for ſeveral Nights ſucceſſively, while the f. 
full Moons ſhall rife one later than another, Ui. 
a greater Difference than at any other Time 0 F 
the Year. The Reaſon is, becauſe at the Time U 
of the new Moons, which happen at that Part H 
of the Year, the Moon is in the aſcending sigi 
but at the full, in the deſcending ones (a). | 

(a) It is here to be obſerved, that this Phænomenon is not the nie 
ſame as to Degree, in different Years ; becauſe as the luna! 110 


Orbit is inclined to the Ecliptic 5 Degrees, and the Line of us 
Nodes is continnally revolving round, the Inclination of that 
Orbit to the Equator will be {ometimes 10 Degrees greater tha 
at others; So that the Moon does not haften to the North, « 
deſcend to the South in each Revolution with equal Pace. 
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Pros. XI. To determine the Time of 


auge Year in which a Star riſes or ſets 
, Colmically, or Acronically. 

: Having rectified the Globe to the Latitude 
Wh of the Place, bring the Star to the Horizon on 
be! the Eaſtern Side of the Globe, and obſerve 
ze what Degree of the Ecliptic riſes with it. 


Look for that Degree in the wooden Horizon, 
and right againſt it in the Kalendar, you will 
re. find the Month and Day when that Star riſes 
4. Wl colmically (2). And if you bring the Star to 
ba the Weſtern Side of the Horizon, the Degree 
tie of the Ecliptic which cuts the Eaſtern Side 

of the Horizon in that Situation of the Globe, 
rh wil give the Day of the Month when the 
new {4d Star ſets coſmically (5). So likewiſe againit 
the Degree which ſets with the Star, you will 
ind the Day of the Month of its Acronical 
letting; and if you bring it to the Eaſtern 
Part of the Horizon, the Degree of the Eclip- 
tic which then cuts the Weſtern Part of the 
Horizon will be the Sun's Place when the 
Star riſes Acronically. 


() For that will be the Day when the Sun and the Star 
not the Hſe at the ſame Time, which is its coſmical Rifing. 

e luna! (5) The coſmical ſetting of a Star being its ſetting at Sun- 
e of wi" 


orth, & PROB.. 
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Pros. XII. To find the Time of ile 
Heliacal ring and ſetting of & Star, 


Having rectified the Globe to the Latituds 
of the Place, bring the Star to the Eaſtern 
Side of the Horizon, and apply the Quadrant 
of Altitude to the Weſtern Side in ſuch manger 
that its twelfth Degree may cut the Ecliptic 
if the Star be of the firſt Magnitude (a). Then 
will the Point of the Ecliptic oppoſite to that 
which is cut by the Quadrant, be 12 Degree 
below the Horizon. Look for this Degree cn 
the wooden Horizon, and over-againſt it you 
will have the Day of the Year, when the Sta 
riſes Heliacally. To find the Heliacal ſetting, 
bring the Star to the Weſtern Side of the Ho- 
rizon, and turn the Quadrant of Altitude about 
to the Eaſtern Side, till the 12th Degree of i 
cuts the Ecliptic ; then that Degree of th: 
Ecliptic which is oppoſite to this Point, is the 
Sun's Place at that Time of the Year when 
the Star ſets Heliacally. 


(a) Becauſe a Star of the firſt Magnitude being above the 
Horizon, may be ſeen when the Sun is 12 Degrees below t. l 


the Star be of the ſecond Magnitude, that Degree of the Eclip t 
tic muſt be taken, which is 13 Degrees below the Horiza 
when the Star riſes ; if of the third, then the 14th, &c. N 
e 
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Peos. XIII. The Day of the Month, 
and Time of the Day, and the Lati- 
tude of the Place being given, to find 
thereby the Hour of the Day, accord- 
ing to the Babylonic, Italic, and the 

]judaical Way of reckoning. 


1. To find the Babylonic Hour (which is 
reckoned from the Time of the Riſing of the 
Vun) having found the Time of the Sun's rifing 
in the given Latitude, the Number of Hours 
oo dbetween that and the Time given, is the Hour 
of the Day according to the Baby/onic Way of 
reckoning. 

10 2. To find the Talic Hour (which is 
out reckoned from Sun ſetting) firſt find the Time 
at which the Sun ſets on the given Day. The 


te Time elapſed from that to the Time given, 
tte will give the Talic Hour fought. 
chen 3. To find the Hour of the Day according 


to the euiſß Way of reckoning (one of which 
Hours is a twelfth Part of the Time that the 
dun continues above the Horizon, and they are 
reckoned from Sun rifing,) firſt find the Hour 
the Sun ſets at, this being doubled will give the 
Number of Hours the Sun continues above the 
Horizon on the Day given. Then as that 
Number of Hours is to 12, ſo is the Number 
Vo I. II. T of 


ye the 
it. | 
Echp 
or120 
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of Hours ſince Sun tiſing, to the Judaica 
Hour required. To find the Hour of the 
Night, double the Hour the Sun riſes at, and 
ſay, as that Number is to 12, fo is the 
Number of Hours ſince Sun ſetting to the 
Hour required. | 

Thus in the Latitude of London, when the 
Sun riſes at 4 of the Clock and ſets at 8, if the 
Hour given be 5 in the Evening, the Babylonic 
Hour will be the 13th, the 1ta/ic the 216, 
and the Jewiſb Hour will be Nine and three 


Quarters. 


Pros. XIV. To find the Place of a 
of the Heavenly Bodies upon th: 
Globe, from their right Aſcenſun 


and Declination. 


Bring that Point of the Equator which ex- 
preſſes the right Aſcenſion given, to the brazen 
Meridian, and look upon the Meridian towards 
the North or South Pole, according as the De- 
clination is North or South, for the Degree af 
Declination given, under which is the Place 


ſought (a). 


(a) For in this Caſe the Meridian is made to repreſent 28. 
condary of the Equator paſſing through the Place, an Arch d 
which lying between the Place and the Equator is the Declint 
tion; and the Diſtance between the Place of the Equator tho 
which it pafſcs, and the firſt Degree of Aries, is the nig 
Aſcenſion. 0 
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Of the Terreſtrial Globe. 


Pros. XV. From the Longitude and 
Latitude of a Place, upon the Sur- 
face of the Earth being given, to 


C 
0 
find the Place upon the Globe. 


This Problem is much the ſame with the 
laſt, only inſtead of the celeſtial, we uſe the 
terreſtrial Globe; and inſtead of reckoning 
the Longitude from the firſt Degrees of Aries, 
the Point from which right Aſcenſion is 
reckoned, it muſt be counted from the firit 
Meridian. | 

Bring the Degree of the Equator, which 
numbers that of the Longitude given, to the 
brazen Meridian, upon which count towards 
the North or South Pole, according as the 
Latitude is North or South, till you come to 
the Number of the Latitude, under which is 
the Place ſought (a). 


(a) In ſome Globes the Degrees of Longitude are numbered 
both Ways from the firſt Meridian, till they meet in the oppo- 
ite Point, and the Longitude is diſtinguiſhed into Eaſt and 
Weſt, as obſerved above: In ſuch Caſe it muſt be known which 
Rind the given Longitude is of. 


T2  PRoB. 
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Pros. XVI. To determine the Difference 
of Time in different Places. 


Find the Longitude of each Place, by the 
Converſe of the laſt Problem, and reduce the 
Difference into Time; which is done by al- 
lowing an Hour for every 15 Degrees, and ſo 
proportionably for leſſer Parts, the Number of 
Hours, &c. thus found, will be the Difference 
between the Time of the Day at one Place, 
and that at the other (a). | 


Pros. XVII. To find the Diſtance he- 


tween two given Places, and the 


Angle of Poſition, that is, the Bear- 
ings of them, or the Situation of 


one from the other, with reſpect 10 
the Points of the Compaſs. 


Rectify the Globe to the Latitude of one of 
the Places, and bring that Place to the brazen 
Meridian ; then fix the Quadrant of Altitude 


(a) The Reaſon of this is, becauſe as the Earth by turning 
round its Axis, brings all Places to the Sun once in 24 Hours; 
that Place which lies 15 Degrees to the Weſtward of another, 
comes to it an Hour later than the other; and fo the Inhabi- 


tants of this Place are an Hour later in their reckoning of 


Time than at the other Place. And the contrary holds of ſuch 
as live towards the Eaſt. 


to 
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to the uppermoſt Point of the Meridian, and 
putting the lower End of it between the Ho- 
rizon and the Globe, ſlide it about till it paſſes 
through the other Place, and the Number of 
Degrees upon the Quadrant between Place and 
Place, turned into Miles by reckoning 60 to 
each Degree, will give the Diſtance between 
them; and the Number of Degrees upon the 
Horizon, between the Meridian and the Foot 
of the Quadrant, will give the Bearing of the 
Second, or its Situation from the firſt, with 
reſpe& to the Points of the Compals. 


PrRoB. XVIII. Zo find a Meridian Line 


partly by the Help of the celeſtial 
Globe, 


Set the Hour Index to the Place of the Sun 
in the Ecliptic, and turn the Globe till the 
Pole Star, that is, the Star which is the neareſt 
the Axis of the Globe, comes under the Me- 
ridian, either above or below the Pole; above, 
if you find that the Index in that Situation of 
the Star, points to one of the Hours of the 
Night, otherwiſe below; and mark what Hour 
the Index points to. Then at that Hour of 
the Night hang up two Plummets, letting their 
Weights hang in Water to prevent their vi- 
brating, in ſuch manner that the String of one 
| of them may be directly between the Pole Star 
and the String of the other. Then will a Line 

T 3 drawn 
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drawn from one String to the other, or the 
Shadow of the one when it falls upon the 
other, be a Meridian Line. 

This I take to be a much more accurate, a; 
well as an eafier Method, than the common 
one of fixing up a Pin upon a Plane, drawi 
a Circle about the Foot of the Pin, and ob- 
ſerving where the Extremity of the Shadoy of 
that Pin enters the Circle in the Morning and 
goes out of it in the Afternoon, and drawing 
a Line from the Foot of the Pin through the 
middle Point between thoſe Places for a Me- 
ridian Line. For this latter Method requires 
more Care and Trouble to do it accurately, 
than they who have not tried it would imagine, 


1 


CHAP, XVI. 


Of the Equation of Time. 
} X JHEREAS Time conſtantly paſſes on 


with an uniform and regular Flux, it i 


/ : | be 
evident there is no poſſible Way accurately to IM .. 
meaſure and compare the ſeveral Intervals of it I .. 
one with another, but by the Motion of ſome h 


Body whoſe Progreſs is as uniform and regular 
as itſelf, To this End it was natural to pitch 
upon the Sun, whoſe Motion is obvious to all, e 
and ſeemingly regular enough for that Purpoſe. I © 
But by the Circumſpection and accurate Ob- 

| ſervation: 
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ſervations of Aſtronomers, it is diſcovered not 
to be ſo; and that neither the Days, nor even 
the Hours themſelves, as meaſured by the 
Motion of the Sun, are of an equal Length. 
And this upon two Accounts, as will appear 
from the following Conſiderations. | 

I. A natural Day, or 24 Hours, 1s that In- 
terval of Time, in which the Sun ſeems to pals 
from the Meridian of any Place to the ſame 
again: Had therefore the Earth no Motion 
but about its own Axis, and conſequently the 
Sun no apparent one along the Ecliptic, all 
the Days would be of an equal Length, as 
depending only on the Motion of the Earth 
about its Axis, which is uniform: But ſince 
the Earth is conſtantly moving in its Orbit, 
the lame Way it turns about its Axis, the Sun 
is always in Appearance advancing forwards. 
When the Earth therefore is turned round, 
and a SpeCtator upon its Surface brought again 
to the Place he was at the foregoing Day at 
Noon, it is not yet Noon with him, the Sun in 
Appearance having advanced to the Eaſtward 
in the mean Time; ſo that the Spectator muſt 
be carried farther ſtill, viz. ſo many Degrees 
as the Sun has advanced that Way, before he 
can be brought to the Meridian the Sun 1s 
in (a). Now by Reaſon of the unequable and 


(4) This is the Reaſon that the Length of the Day is not 
exacily equal to the Time, in which the Earth performs its Ro- 
tation about its Axis, which is, as was obſerved in Note ( f), 
Chap. I. but 23 Hours 56 Minutes and 4 Seconds, 


4 irregular 


— —ů — 
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irregular Motion of the Earth in its Orbit, or, 
the irregular apparent Motion of the Sun along 
the Ecliptic depending thereon, the Number 
of Degrees the Sun advances Eaſtwards each 
Day, is ſometimes greater and ſometimes leſs; 
and conſequently upon this Account, the Day: 
muſt differ one from another in Length; and 
therefore the Hours alſo, ſince each Day is ſup. 
poſed to conſiſt of 24, be it long or ſhort. 

II. Was the apparent Motion of the Sun 
through the Ecliptic uniform and regular, yet 
as the Ecliptic is oblique to the Equator, and 
therefore equal Portions of the one do not 
correſpond to equal Portions of the other; 
the Motion of the Sun, when referred to the 
Equator, would not be uniform ; or, which is 
the ſame Thing, thoſe Points of the Equator 
which come to the Meridian with the Place of 
the Sun on different Days would not be at 
equal Diſtances one from another (a) ; which 
as to the Time of the Sun's appearing in the 
Meridian, or its ſhewing the Hour of the Day 
upon a Dial, is the ſame as if it had an irte- 
gular Motion along the Equator ; and there- 
fore muſt cauſe it to render the Days unequal 
among themſelves. : 

As theſe Cauſesare independentof each other, 
they ſometimes conſpire together ; ſometimes 
they are contrary the one to the other. 

(a) This is eaſily tried upon a Globe, where if we bring 
every tenth Degree of the Eliptic to the brazen Meridian, ve 


ſhall find that each tenth Degree of the Equator wall not come 
thither with it. | 


The 
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The Time which an uniform Motion would 
mark out, is called rue Time; and that which 
is indicated by the Sun, is apparent Time; and 
the Difference between theſe is termed the 
Eguation of Time. When the above- mentioned 
Cauſes have continued for ſome Time, to ren- 
der the apparent Motion of the Sun too quick 
or too flow, this Difference is conſiderable. 
About the 13th of October, it is the greateſt 
of all; at which Time the Sun is 16 Minutes 
2nd 11 Seconds too faſt. 


— ———_ 


CHA F. AVIL 
Of the Diviſion of Time. 


HE ſeveral Parts of Time are princi- 

pally diſtinguiſhed by Days, Hours, 
Weeks, Months, Years, Cycles, Periods, and 
Eras. Of which in their Order. 

By a Day, according to the moſt natural and 
obvious Senſe of the Word, is meant that 
space of Time during which it continues to 
be Light, and thus is oppoſed to that wherein 
it is Darꝶ, which is called the Night. But 
this Space of Time being ſomewhat vague and 
indeterminate, the Time between the Sun's 
Riſing and Setting is uſually looked upon as 
the Day, and the Time which lapſes from its 
letting to its riſing again, the Night. 

* But 


298 Of the Diviſion of Time. Part IV Map 


But the Word Day is frequently taken in: bega 
larger Senſe, ſo as to include alſo the Night, Hip 
and to denote the Time of an whole apparent ¶ into 
Revolution of the Sun round the Earth. IH bave 
this Senſe it is called by ſome a natural Dy WAſr 
and by others an artificial one; but what ſome and 
call the Artificial, others call the Natural. Ti 
avoid which Confuſion, it is uſual to call it in 
the former Senſe, ſimply the Day, and in the 
latter a Nuchthemeron ; by which Term tha 
Acceptation of it is aptly denoted, as being i 
Word that implies both Day and Night (a), 

The Nuchthemeron 1s divided into 24 Partz 
called Hours, which are of two Sorts, Equal, 
and Unegual or Temporary. The comma 
Diviſion of the equal Hour is into Halves and Mai 
Quarters: But Aſtronomers, and thoſe who ! 
are more accurate in their Account of Time, the! 
divide the Hour into fixty Parts, called Mi- ſets 
nutes, and theſe again into fixty Parts called Thi 
Seconds, &c. And here we may obſerve, that 1 
the Word Minute is taken in a double Senſe, *t 
either to denote the ſixtieth Part of an Hour, N. 
and is therefore by Way of Diſtinction ſome- for 
times called an Horary Minute; or elle to ſig: Nig 
nify the ſixtieth Part of a Degree, in which, (- 
Caſe it may be called a graduary Minute, cr 10 
Minute of a Degree. 1 

Different Nations and People begin the: 
Day at a different Hour. Thus the Egyptian Wt 


(a) A Greek Compound of * Night, and nuigs Day- 
began 
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hegan their Day at Midnight; from whom 
Hipparchus introduced that Way of reckoning 
into Aſtronomy, and Copernicus and others 
have followed him. But the greateſt Part of 
Aſtronomers reckon the Day to begin at Noon, 
and ſo count 24 Hours till the Noon of the 
next Day, and not twice twelve, according to 
the vulgar Computation. 

The Method alſo of beginning the Day at 

Midnight prevails in Great-Britam, France, 
Van, and moſt Parts of Europe. 

The Babylonians began their Day at Sun- 
Wing, reckoning the Hour immediately before 
is riſing again, the 24th Hour of the Day. 

From whence the Hours reckoned in this 
Manner are called the Babylonic. 

In ſeveral Parts of Germany, they begin 
their Day at Sun-ſetting, and reckon on till it 
ſts the next Day, calling that the 24th Hour, 
Theſe are uſually called the Italian Hours. 

The Jews allo began their Nuchthemeron 
at Sun-ſetting, but then they divide it into 
twice twelve Hours as we do, reckoning 12 
for the Day, be it long or ſhort, and 12 for the 
Night (a). So that their Hours continually 


(a) According to this Way of reckoning, the Hours of the 

ay mentioned in Scripture are to be underſtood. The Jews 
ao divided the Night into four Quarters, called Watches, each 
Watch containing three of their Night Hours. And diſtinguiſhed 
em ſometimes according to the Order of their Succeſſion. Thus 
ve find in Scripture Mention of the ſecond, third, and fourth 
Watch, ſometimes the firſt Watch was called the Beginning of the 
Watches; the ſecond, the middle Match, as not being ended till 
4licnight ; and the fourth, the Morning Watch. The firſt alſo 
nas ſometimes termed the Eve; the ſecond Midnight ; the 
zan bird, the Ceck-crawing ; and the fourth, the Dawning of the Day. 


varying 


_-— AY ___ 0 _ 200. _ 
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varying with the Length of the Day ang 


Night, the Hours of the Day were longer 4 
than thoſe of the Night one half of the Vea, MW. 
and the contrary the other. From whence rj 
their Hours are called Temporary: Theſe x b * 
the Time of the Equinoxes become equal, be. 110 
cauſe the Days and Nights are ſo then. The , 
Romans allo reckoned their Hours after this * 
Manner, as do the Turks at this Day (a). Rel 

A Week conſiſts of the ſeven Days in motMl 7 
Countries,called after the Names of the Planet, N tue 
as obſerved in the foregoing Note. But be-. M 
cauſe Eaſler Week was formerly eſteemed the lu 


(a) This kind of Hours are alſo called Planetary, becauſe (al, 
the ſeven Planets were anciently looked upon as preſiding over Wi : 
the Affairs of the World, and to take it by Turns each of thee 
Hours, according to the following Order, Saturn firſt, then one 
Jupiter, Mars, the Sun, Venus, Mercury, and laſt of all the , 
Moon. Hence they denominated each Day of the Week from 

that Planet whoſe Turn it was to reign or preſide the firſt Hour bay 
of the Nuchibemeron. Thus aſſigning the firſt Hour of Saturdg equ 
to Saturn, the ſecond will fall to Jupiter, the third to Mar, 
and ſo the twenty-ſecond of the ſame Nuchthemeron wall fall to 
Saturn again, and therefore the twen ty-third to Jupiter, and the nut. 
laſt to Mars. So that on the firſt Hour of the next Day, it will lanſ 
fall to the Sun to preſide. And by the like Manner of reckon- y 
ing the firſt Hour of the next will fall to the Moon, of the next the 
to Mari, of the next to Mercury, of the next to Jupiter, of e Ho 
next to Yenus. Hence the Days of the Week came to be dil 
tinguiſhed by the Latin Names of Dies Saturni, Solis, Lune, 
Martis, Mercurii, Jovis, and Veneris; and among us by the (a) 
Names of Saturday, Sunday, Monday, T ue/day, Wedneſday, Thu Cered 
day, and Friday. For as Saturday, Sunday, and Monaay plainly de- 


note the Day of Saturn, the Sun, and the Moon ; ſo T ue/aay, Wis © 
neſday, Thurſday, and Friday, denote the Day of Tuiſco, Waden yon 
Thor, and Friga, which are the Saxen Names reſpectively at (b) 


iwering to Mars, Mercury, Jupiter, and Venus. Wells's Chrono ef co 


Chap. II. 
fic 
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irſt or principal Week of the Year, and each 
bay thereof was a Feria or Holiday; hence 
ne ſeveral Days were diſtinguiſhed among the 
Worimitive Chriſtians, by the Names of Feria 
I Fa ſecunda, &c. that is, the firſt, ſecond 
Holiday, Sc. But the Sunday, or Feria 
Vina, was otherwiſe ſtiled by them the 
Lords Day, as being the Day of our Lord's 
ReſurreCtion (a). 


Months are diſtinguiſhed principally into 
two Sorts ; V7Z. Solar and Lunar. The Solar 
Month is either Affronomical or Civil (b). The 
Lunar Month is divided into Periodical, Synod:- 
cal, and Civil. The Aftronomical Solar Month 
b the Time the Sun takes up in paſſing thro' 
one of the Signs of the Ecliptic. 

The Periodical and Synodical Lunar Months 
have already been obſerved ; the former to be 
equal to the Revolution of the Moon about 
the Earth, viz. 27 Days, 7 Hours, and 43 Mi- 
nutes; the latter, the Interval of Time that 
lapſes between two ſucceeding Conjunctions of 
the Moon with the Sun, viz. 29 Days, 12 
Hours, 44 Minutes, and 3 Seconds. 


(a) The Hebrew Word which in the Old Teſtament is ren- 
| Cered Week, ſignifying a Collection of ſeven, is there ſometimes 
uled for ſeven Years; and in Conformity thereto, our Engliſh 
Word Meet in thoſe Places muſt be underſtood to imply not a 
Heels of Days, but a Week, or $ em of ſeen Vears. 

% A Month or Year is denominated Civil, from its being 
o common Uſe in any Republic or Society of People. 


Now 
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Now becauſe in common Uſe it would h 
inconvenient to have the Months to conſiſt 9 
odd Pieces of Days; it was uſual among the 
Fews, Greeks, and Romans, (till Julius Cai 
made an Alteration) in order to adapt they in 
Months to the apparent Motion of the Su v. 
to have their Months conſiſt of 29 and 30 DV en 
alternately, one of theſe Numbers being about": 
half a Day above, and the other about half 80 
Day leſs than the Synodical Month; fo thi "* 
by this Means the ſame Appearances of the 
Moon would happen nearly on the ſame Dy 
of the Month for a long Time together. Thi 
Month thus adapted to the laſt mention 
lunar Month, is called the Civil lunar Month 
and is ſtill made uſe of by the Turks. 

The Egyptian Months conſiſted of 30 Dy 
each, 12 of theſe make a Year 'wanting 
Days, which they added to the End of th 
Year, and from thence called them Epago 
menæ, or Supplemental. 

Now becauſe 12 civil lunar Months want! 
Days of a Year, it is evident that the fever: 
Seaſons of the Year muſt in Time fall upo 
different Months; to prevent which, Juli 
Cæſar ordained, that the Month ihould 10 
be taken from the Motion of the Moon, bo 
from that of the Sun; that they ſhould con 
alternately of 30 and 31 Days, and that F. 
bruary ſhould contain 29, and every four! 
Year 30. But it happened afterwards that ti 


Name of the fixth Month, which was . 
8 Sextili 
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Sextilis, was in Honour of the Emperor Au- 
rufus changed for that of his, as that of the 
foregoing Month Quintilit had before been, in 
Honour of his Father Julius; and therefore 
fince this Month conſiſted but of thirty Days 
according to the Inſtitution of Julius Ce/ar, 
one more was added to it, to make it equal to 
the foregoing one, that the Honour paid to the 
Son might not ſeem to fall ſhort of that which 
was paid to the Father, Upon this, the next 
Month, viz. September, was reckoned but 3o, 
the next 31, and ſo on, that the alternate 
Order above-mentioned might not be deſtroyed, 
till January, which, according to that Order, 
ought to have had but 30. But this Month 
being ſo named in Honour of Janus, the God 
of Time, it was thought improper to rob the 
God of a Day, wherefore February was re- 
duced to 28, and every fourth Year to 29. 
And fo the Months came to ſtand as they are 
in our Kalendar, from whence they are called 
Kalendar Months. . Theſe are properly civa 
Solar Months. 


The principal Diviſion of the Year is alſo 
into two kinds, vz. Solar and Lunar; each 
of which are again divided into Aſtronomical 
and Crv2/. | 

The Aſtronomical Solar Year is of two kinds, 
Us. Tropical and Sydereal. The former is the 
Space of Time which lapſes while the Sun ap- 
pears to move from either of the Solſtitial or 

Equinoctial 
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Equinoctial Points to the ſame again. NowMl tnt 
by Reaſon of the continual Preceſſion of the the 
ſaid Points, whereby they do as it were meet 
the Sun, this kind of Year is ſomething le I (f, 
than the Sydereal one; which is the Time n A 
which the Earth performs an entire Revolution oth 
in its Orbit, or in which the Sun ſeems to pain: 
from any fixed Star to the ſame again. The» 
former conſiſts of 365 Days, 5 Hours, 48 Mi-W the 
nutes, and 57 Seconds; the latter of 365 D Lu 
6 Hours, 9 Minutes, and 14 Seconds, and i: on 
alſo called Periodical, or Anomaliſtical. The Lt 
Aſtronomical Lunar Year conſiſts of 12 Syno- by 
dical Months; and is therefore 354 Days d. 
8 Hours, 48 Minutes, and 36 Seconds. 
The Civil Lunar Year is alſo of two kinds, 
VIS. moveable and fixed; the moveable ci 
Lunar Year conſiſts of 12 civil Lunar Months, 
which being but 354 Days, falls ſhort of a Yea 
by 11 Days, ſo that the Beginning of this Yea 
varies with reſpe& to the Seaſons, till it runs 
through them all, which it does in about z2 
Years Time; and from hence it is denomi 


nated Moveable, or the wandering Lunar Year: 
As the Turks now make Uſe of the cwil 


Lunar Month, ſo they alſo do of this ci 2 
Lunar Year. of \ 
In order to render this kind of Year fixe ther 
that is, to prevent the Seaſons from ſhiftin 
from one Part of it to another, the Gree {: 
and the Romans, till Julius Cœſar's Time, afte — 


every three Years added a Month of =_ 
thee 
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three Days, which they called Embolimaeus, or 
the Intercalary Month. 

But becauſe this Method is not ſufficient, 
(for the civil Lunar Years fall ſhort of the 
Aſtronomical Solar Years above 11 Days,) 
others adapt ſuch Intercalations to them as do 
in a manner render the Beginning of them fixed 
to the ſame Part of the Solar Year. Hence 
theſe Years properly intercalated are called fixed 
Lunar Years, as alſo from their Dependency 
on the Motion both of the Sun and Moon, 
Luni- Solar Years. Years of this kind are uſed 
by the Jews, and the Clergy of the Church of 
dome in their Eccleſiaſtical Affairs. 

The civil Aſtronomical Vear is alſo either 
moveable or fixed. The moveable one was in 
Uk among the Egyprians, and is from thence 
called, the Egyptian Year. It conſiſted of 365 
Days, and therefore fell ſhort of the tropical 
Year, with which all the Seaſons return, near 
ix Hours, ſo that four ſuch Years are leſs 
than four Aſtronomical Solar ones, by almoſt 
a whole Day, and therefore in 1460 Years, 
the Beginning of the Year would paſs through 
all the Seaſons. 

Although the Romans did not ule this kind 
of Year, yet theirs, taking one Year with ano- 


ther, was of the fame Length (a); Julius 


(2) For having, as obſerved above, ſix Months of 29 Days 
ech. and fix of zo, and an Intercalary Month of 33 Days, at 


the End of every third Year ; their Vears conſiſted one with 
another of 365 Days. 


Nat, u. U Cz/ar 
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Czſar therefore to fix this Year, when he ! 
rectified the Kalendar, and threw out the ciyi f 
Lunar Months, to make up the fix Hour, : 
which this Year wants of the true Aſtronomicy b 
Solar Year, and with which only the Seafons 1 


keep pace, ordered that every fourth Ven 
ſhould have an intercalary Day, i. e. that a Dy [ 
ſhould be added to the Kalendar, over and above 

thoſe it contained the other three, or that ever 
fourth Year ſhould contain 366 Days. Hence 
it was that, as we obſerved above, Februar P 
came to have 29 Days every fourth Year. But 


he did not add it to the End of the Month, h 
but ordered that the ſixth of the Kalends « y 
March,which according to our Way of Reckon- ſe 
ing is the 24th of February, ſhould be reckon- c 


ed twice. Upon which account that Year ya Z 
wont to be called Biſſextilis, and is ſtill re- 

tained by us under the Name of Leap Yea, 0 
From hence, Years reckoned after this Man- 


ner are called Julian Yeare, a 
But however the Year was not rendered ; 

by this means, for it was now too long V p. 
about eleven Minutes, and therefore varied " 
from the Sun about a Day in 131 Years. v0 0 
that from the Time of the Nicene Council, (i 65 
which the Rule was eſtabliſhed for the Time 50 
of celebrating Eaſter) to the Year 1582, i 6 
which Pope Gregory the izth undertook 1 of 
farther Reformation of the Kalendar, their B 


was found to have roſe a Variation of 10 Days, 


the vernal Equinox being obſerved to fall 1 K. 
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the 11th of March, which at the Time of the 
Nicene Council, fell on the 21ſt. The Pope 
therefore in order to bring back the Equinoxes 
to the Time of the Year they fell upon at the 
Time of that Council, took thoſe ten Days 
out of the Kalendar by ordering the 5th of 
October 1582, to be reckon'd the 15th, which 
neceſſarily removed the following Equinox 
from the r1th to the 21ſt of March. And to 
prevent the Seaſons of the Year from going 
backwards for the future, he ordered that every 
hundredth Year, which according to the Form 
inſtituted by Julius Ceſar was to be a Bi- 
ſextile or Leap Year, ſhould be a common one, 
and conſiſt only of 365 Days, except every 
fourth hundred Year, which was to remain 
Biſextile, or Leap Year, as before. 

This Method being eſtabliſhed by Pope 
Gregory, 1s called the Gregorian Account, or 
the New Stile, as being new in Compariſon of 
that eſtabliſhed before by Julius Ceſar, which 
is now called the Old It is obſerved in all 
Places where the Papal Authority is acknow- 
ledged; and alſo, towards the End of the laſt 
Century it was received by many of the re- 
tormed People in Germany; as it was in Great - 
Britain and Ireland in the Year 1752; but in 
ſome reformed Nations of the Northern Parts 
of Europe, the old Julian Form is till retained. 
But above an hundred Years being now lapſed 
lince the above-mentioned Reformation of the 
Kalendar, and the hundredth Year not being 

U 2 made 
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made a common one, as in the Gregorian Me. 
thod; the Gregorian Account differs now from 
the Julian one Day more than it did at its firſ 1 
Inſtitution ; ſo that that Day which according 
to the Old Stile is the firſt of the Month, is the . 
12th of the ſame according to the New. = 

As the Form of the Year in different Nation 0 
is various, ſo alſo is the Beginning of it. Thu“ 
the Jews begin their Eccleſiaſtical Year with 1 
the new Moon of that Month whoſe full Moo 
happens next alter the vernal Equinox, The 
Church of Kome, with the Sunday that falls i 
upon the ſaid full Moon, or that happens next N 
after it; that is, with the Feaſt of the Reſur- 0 
rection of our Lord. The Grec:ans began theirs | 
with the new Moon that happened next after 
the Summer Solſtice. And the Romans an- 1 
ciently began theirs with the new Moon next b 
after the Winter Solſtice. The Venetians, Fl. * 
rentines, Piſans in Ttaly, and the Inhabitants of 15 
Triers or T-eves in Germany, make the vernal Pp 


Equinox the Beginning of their Year. The 
ancient Clergy made the 25th of March, or the 
Feaſt of the Bleſſed Virgin, the Beginning df 
the Year ; which Method the Church of Eng- 
ard retained until the . 1ſt of December, 1751; 
when by an Act cf Parliament, paſſed in the 
24th of George II. the old Supputation ceaſed, 
and the firſt Day of January 17 52, was deem- 
ed the firſt Day of the Year; ſo that we, with 
the neighbouring Nations, now account the 
frſt Day of January to be the Beginning of 
tne Year. The 
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The Per/ians ſtill retain the Egyptian Year, 
nd the Period in which the firſt Day of it 
paſſes through all the Seaſons of the Aſtrono- 
WH nical Solar Year, viz. 1460 Years, they call 
the Sathiacal Period, or great Dog-Star Year ; 
z being reckoned to begin in that Year in 
which the Dog-Star (or S9thrs) rifes Heliacally 
on the firſt Day of the Month Thoth, which 
b the firſt Day of their Year, 


A Cycle is a continual and ſucceſſive Revo— 
lation of a certain Number of Years. The 
(ycles are four, vig. the Cycle of the Sun, the 
Cycle: of the Moon, the Cycle of Dionyſius, 
the Cycle of the Indiction. 

In order to apprehend the Foundation and 
Nature of the Cycle of the Sun, it muſt be 
obſerved that to each Day of the Year is aſ- 
lened in the Kalendar, tome one of the firſt 
kven Letters of the Alphabet A, B, C, D, E, 
F, G, the firſt Letter A being affixed to the 
irſt Day of January, to the fecond B, and fo 
G. After which the Letters are repeated 
aan in the ſame Order, A falling to the 5th, 
b to the gth, Sc. By which means, becauſe 
he common Year contains 52 Weeks and one 
Vay over, the lait Day of December has alſo 
te Letter A affixed to it. The Letters being 
propriated in this manner to each Day of the 
ear, it follows, that whichever of the Letters 
longs to any particular Day in the firſt Week 
January, that Letter will belong to the 
1 3 lame 
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fame all the Year long. But ſince the fame 
Letter, vis. A, is affixed to the laſt, which 
is affixed to the firſt, Day. of the. Year, it 
is obvious, that at the End of. one Year and 
Beginning of the next, two ſucceeding Days 
will have the ſame Letter A; ſo that if 
Monday had an A. the laſt Year, Tueſday has 
it this, and Monday the G : And. therefore the 
Letters will move g's: He + with reſpect to 
the Days of the Week; for Inſtance, that 
Day which has G one Year, will have F the 
next, after that E, then D, and ſo on to A; 
and conſequently the ſame Day will run 
through the ſeven Letters in ſeven Vears Time. 
But before the ſeven Years are expired, a Leap 
Year will intervene, having one Day more 
than common, which Day is added at the 24th 
of February (a), and has the ſame Letter that 
the 24th has, ſo that in this Caſe, as there 
was a Change or Regreſſion of the Letters, 
with reſpe& to the Days of the Week, upon 
the Account of two Letters coming together at 
the End of one Year and the Beginning of the 
next, there will be another like Change in 
February al ſo; and therefore, as in the former 
Caſe, the ſame Letter would have run through 
all the Days of the Week in ſeven Years; 
this ſecond Change happening once in four 


(a) Some ſay it is added after the 28th, and that it has the 
fame Letter with that. From this Uncertainty there ariſes a 
Difficulty in fixing the Day of the Celebration of the Feſtival 
of St. Matthias, which h$ occaſioned a great Diſpute among 
the Learned. 


Yeats, 
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Years, the Courſe of the Letters is ſo oft inter- 
rupted, that it does not become the ſame again, 
till after four times 7, or 28 Years. 

Thus, ſuppoſe a Leap Year begins with a 
Sunday, 1t will end with a Monday; in which 
Caſe, A and G will be the Dominical or Sunday 
Letters, becauſe A is appropriated to the firſt 
of January, and G to the zoth of December: 
But ſuch another Vear cannot return till after 
28 Years, as any one that tries will readily find; 
the Conſequence of which is, that thoſe two 
Letters cannot be Sunday Letters again in one 
Year, till after that Space of Time. And be- 
cauſe the ſame Sunday Letters do return after 
every 28 Years, that Term is called the Cycle 
of the Sunday Letter, or otherwiſe, though not 
lo properly, the Cycle of the Sun. The ninth 
Year before our Saviour's Birth, was the firſt 
of this Cycle. 


The Cycle of the Moon is a Revolution of 
19 Years; after which Time, as was anciently 
ſuppoſed, the new and full Moons would fall 
upon the ſame Days of the Year again (a). 

This Cycle is therefore of great Note in the 
Chriſtian Church, a Method founded upon this 
duppoſition, being eſtabliſhed by the Fathers of 
the Nicene Council, for finding the Time of ce- 
lebrating Eafter, and the other moveable Feaſts 
of the Church for any Time to come. 


(a) This is alſo called the Meronic Cycle from Meton, the 
Author of it. 
U4 In 
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In order to underſtand which, we muſt ob- 
ſerve, that as the Chriſtian Paſſover, or Feſtival 
of Eaſter, ſucceeded the Jewiſh one, the Time 
of its Celebration was regulated by that upon 
which the Jew?! Paſſover was at its Inſtitu- 
tion, by God himſelf appointed to be kept, which 
was on the fourteenth Day of the firſt Month, 
according to the Manner of reckoning among 
the Jews, Exod. xii. Now the Jewiſb Months 
being Lunar ones, each Month began upon the 
Day of the new Moon, or however at the Time 
of its Heliacal rifing, and fo the full Moon fell 
upon the fourteenth of each Month. And fur- 
ther, that Month was called the firſt of the Year, 
whoſe full Moon, or fourteenth Day, either {ell 
upon the vernal Equinox, or was the firſt that 
ſucceeded it. And at the Time of the Nene 
Council, when the Rule for finding Eaſier was 
drawn up, the Equinox fell, or was thoughtto 
fall, on the 2 1ſt of March. But becauſe our Sa- 
viour's Reſurrection, which the Feſtival of Es. 
ter is deſigned to commemorate, happened ona 
Sunday; it was ordeted that it ſnould be not kept 
on the full Moon, but the Sunday following. 
Accordingly the Rule then eſtabliſhed for find- 
ing Eafter, and which is ſtill made uſe of by the 
Church, runs thus; Eaſter- Day is always the 
firft Sunday after the firſt full Moon, which 
habpens next after the one and twentieth Day of 
March. And if the full Moon happens upon d 
Sunday, Eaſicr- Day 7s the Sunday after. 

Ihe Foundation of the Rule being thus ex- 


plained, it remains now to ſhew the Mong 
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of it, which is not ſo obvious as at firſt Sight 
it appears to be. 


It is to be obſerved then, that in order to 
find on what Days of the Year the new and 
full Moons would happen for the Tine to 
come, the ancient Method was to obſerve on 
what Day of each Month the new Moons fell 
in each Year of the Moon's Cycle, and to the 
fid Days reſpectively to ſet the Number of 
the Year in their Kalendar. Thus, obſerving 
that the new Moons in the firſt Year of the 
Cycle fall on January the 23d, February 21, 
March 23, &c. to thoſe Days they affixed the 
Number 1. And in like manner obſerving, 
that, in the ſecond Year, they fell on January 
12, February 10, March 12, &c. to each of 
them they put the Number 2 ; and fo for each 
Year of the Cycle. And on Account of their 
great Uſefulneſs, or becauſe they were wrote 
in Letters of Gold, the Number thus ſet to 
the Days on which the new Moons fell, were 
called the Golden Numbers (a). 

The Numbers being thus affixed in the 
Kalendar, it is only looking for the Golden 
Number of any Year, and over againſt it you 
hape the Day of each Month of that Year, 
on which the new Moon happens. 

Thus, at the Time of the Nicene Council the 
Time of the new Moons might be accurately 


. (a) In the Table for finding Eater for ever in ſome Common 


Prayer-Books, they are fliled Prime Numbers. probably as 
being placed in the Prime or firſt Column of the Kalendar. 


enough 
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enough found, but not at this Time, becauſe and 
the new Moons do not happen at the ſame Co 


Time of the Year every 19 Years, but fall 
ſhort an Hour and half, which in 304 Year 
comes to a Day, ſo that now the new full 
Moons fall almoſt 5 Days ſooner than they ate 
ſhew to do by the Golden Numbers, affixed 
to the Kalendar. The firſt Year of Chriſt wa; 
the ſecond of this Cycle. 

However, as no proper Authority has inter- 
vened to alter the Method of finding the Eaftr 
full Moon by the Golden Numbers, eſtabliſhed 
at the Nicent Council, that Method is ſtill re- 
tained in the Church. And therefore'to under- 
ſtand the above-mentioned Rule aright, it mull 
be ſuppoſed, that by the full Moon is meant 
the Time of the full Moon as found by the 
Golden Numbers affixed to the Kalendar in'the 
Common Prayer- Book; and not the true full 
Moon, as found in an Almanack, or by Aſtto- 
nomical Obſervation (a). 

But by the Act of Parliament for altering 
the Stile in England and the Britiſh Domini 
ons paſſed in the Year of our Lord 1751, it 
is enacted, That in all future Kalendars the 
Golden Numbers ſhall be fixed to certain Days! 
in March and April, which Days are to be 
deemed the Days of the Paſchal full Mom; 


(a) By the above-mentioned Method the true new Moon may 
at any Time be found, if we deduct five Days in Confideri- Wi 
tion of the above-mentioned Dehciency in the Moon's Cycle, 
and ſuppoſe the new Moon to fall five Days ſooner than that 
Method ſhews it to do. 


and 
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and therefore according to the Rule in the 
Common. Prayer- Book, the Sunday following 
is to be Eafter Sunday. See the Statutes, Anno 
24 Georg. II. Chap. 23 (a). 

The Kalendar Year confiſting of 365 Days, 
ind each Revolution of the Moon being 29 

Days and an half; it follows that there will 

de 12 Revolutions of the Moon in each Year 

ind 11 Days over; ſo that on whatever Year 
the new Moon happens on the firſt Day of 
the Year, it will hapyen alſo that Year eleven 

Days before the End of it; the next Year 22 

Days before the End of it ; the next 33 (that 

b, caſting out 30, as is the Way, for one en- 

tte Lunation) 3 Days before the End of it, 

nd ſo on; except that in computing the Epact 
for each Year whoſe Golden is one, you are 
to caſt away 29 only. Theſe Numbers are 
the Epact. Their Uſe is to find the Moon's 

Age at any Time. You add together the 

Epac for the Year, and the Number of the 

Months from January incluſive, and you have 

the Age of the Moon when the Month be- 

ins; add therefore the Day of the Month 

be to this Sum, and you have the Age of the 
oon at that Day. But this Way of reckon- 
o; . | | 

ing is very groſs, and will err from the Truth 

a whole Day ſometimes. 

In the new Stile received in England, the 

[Golden Numbers are as they were ; the E- 


ns; 


may 


dera Z 

** (a) But note, theſe Days will not always be the Days of 
1 the real full Moons. 

* pact 
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pets are 11 leſs than before; and when the 
Golden Number is one, the Epact is o. The 
Golden Number for the Year of our Lord 
1760 was 12, and the Epact for the fame 
Year was 13, and that Year was Leap Year 
and had for its Sunday Letters Fand E. And 
it is further enacted by the Act above referred 
to, That every fourth hundreth Year, of which 
the Year of our Lord 2000 is to be the firſt, 
ſhall conſiſt of 366 Days, that is, it ſhall he 
a Leap Year, as it would, have been had no 
Alteration been made; but that each other 
hundreth Year, which uſed alſo to be Leap 
Year. ſhall not be 10, that is, it ſhall contain 
365 Days only. 


By multiplying the Cycle of the Sun and 
Moon togetler, we have a third Period, con- 
taining th. Properties of bath the other two, 
fo that «1 ih. 1,34 of this Cycle not only the 
Davs the Weck have the ſame Letters be- 
1 to them, and fall on the ſame Days of 
the onth, but the new and full Moons alſo 
fall on the ſame Days of the Year, fo that the 
Time of celcbrating Laſter and the other 
| Feſtivals of the Church, return to the very 
fame Days of the Year. From whence this 
is called he great Paſchal Cycle, and iome- 
times from its Author the 1)zonv/tan Cycle (a]. 
It conſiſts of 532 Years, and the firſt Year ot 
it was 457 Years before Chrilt. 


fa) This is alſo by ſme called the Victorian Period Th 
2 
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The Cycle of the Indifion is a Revolution 
of 15 Years, made uſe of by both the Greets 
and Romans, probably upon ſome political Ac- 
count. It has no Relation to the Motions of 
the Heavenly Bodies. The Nativity of our 
Saviour fell upon the 4th of this Cycle. 

By multiplying the three Cycles of the Sun, 
Moon, and Indiction together, arifes a Term 
of 7980 Years, called the Julian Period; 
which as it began ſeveral hundreds of Years 
before the Creation, and is not now ended, 
and in all Probability will not, fo long as the 
World ſtands, is of ſingular Uſe in Chronolo- 
py, as taking in all Events, both paſt, preſent, 
and to come. 

This Period was invented by Joſeph Scaliger, 
and began 4713 Years before Chriſt. 

An Ara, otherwiſe called an Epoch, is a 
Continuation of Time beginning from ſome 
certain Point, as from a Root, and continually 
proceeding forwards without beginning again. 
of That which is of principal Note among 
o IM Chriſtians, is the ra of Chriſt. 8 
* The Author of this Ara was Dionyſius 
er MWExiguus, who flouriſhed ahout 500 Years after 
ry {WO Evriſt. He began it on the Annunciation. of 
ns the Virgin Mary, or the 25th of March: the 
e- Neth of March, as he ſuppoſed, immediately 
a). Preceding the Nativity of our Lord: but it is 
now generally thought that our Saviour was 
born the December before that; wherefore 
others, beginning the Era from the. Nativity 
ulelt, or the iſt of Faruary following. it, 
reckon 


he 


318 Of 2he Diviſion of Time. Partly 


reckon almoſt a Quarter of a Year before thy: 
who adhere to the Dionyſian Account. 

The Engliſh and Iriſb ſtill adhered to th, 
Dionyſian Account in their eccleſiaſtical amy 
civil Affairs, till the Alteration of the Stik 
above-mentioned, though they themſelves aut 
all the reſt of the World, in common Ac. 
count, had laid it aſide for that which begin 
at January the firſt. This Ara is frequent) 
reckoned backwards, as well as forwards: 
Thus, it is uſual to ſay an Event happened 
ſo many Years before Chriſt. | 

The firſt Year of this Ara, agreeably t 
what was obferved above, anſwers to th: 
4714th of the Julian Period. 

There are ſeveral Epochs or Æra's of le 
Note, which I ſhall but juſt mention; thi 
Chapter having already run out to a mud 
greater Length, than I at firſt intended. 

The Ara of the Creation according to the 
Greek Church, and which is now of Uſe n 
fome Eaſtern Nations, begins before the Jv 
lian Period, viz. 5508 Years before Chit 
Tho' others, among whom are the greatel 
Aftronomers, begin it ſomething leſs than 
4000 Years before our Saviour's Birth, 

The Ara of the Deſtruction of Troy, accord 
ing to Dianyſius Halicarnaſſeus and 'Diodiri 
Siculus, begins 1181 Years before Chriſt. 

The Ara of the Olymp:ads, or Olympic Got 


in Uſe among the Grete , 776 before Chrilt| 


The Ara Urdis Con, , or of the Butlin 
.of Rome, made Ut: of by the Romans, accoii 


Il 
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ing to Varro, began 753 Years before Chriſt; 
according to the Faſti Capitolini, 752. 

The Æra of Nazensffer, made Uſe of by 
the Chaldeans and Egyptians, famous among 
Aſtronomers, as conſiſting of Egyptian Years, 
which ate diſturbed by no Intercalcation. It 
begins 747 Years before Chriſt. 

The Mia of the Death of Alexander the 
Great, 324. 

The Era of the City of Antioch, 49. 

The /Era of the Julian Reformation of the 
Kalendar, 45. 

The Ara Actiaca, zo. 

The Dioclęſian Ara, 284 Years after Chriſt, 

The Ara of the Hegira, or Flight of Ma- 
bomet, uſed by the Turks and Arabs, 622 after 
Chriſt. 

The Fra of Ye/degird, or Perfian Ara, 
632 after Chriſt. 

N. B. A Year in the /Era's of the Death 
of Alexander, and of Nabonaſſar, conſiſts but 
of 365 Days; and a Year of that of the He- 


1 £/'4 15 only 354. 


As the Subje& of this Chapter, though 
founded in Aſtronomy, relates principally to 
the Science of Chronology, of which this Com- 
pendium is not deſigned to treat; I have little 
more than thrown a few Definitions together, 
g leaving it to thoſe who would ſee more on the 
WW ubject, to conſult ſuch Authors as have wrote 
an Pore largely thereon ; as Gregory, Keil, Wells, 

| "hs Wheatly 
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Wheatly on the Common- Prayer, Holder on 
Time, and many others. 


— 


8B CT., Mk; 


Of the phyfical Cauſe of the Matin 
of the Heavenly Bodies. 


CHAP. XVIII. 


Of the Forces neceſſary to retain re. 
volving Bodies in circular and other 
Orbits. 


And fir/} of Bodies revolving in cit. 


cular Orbits. 


N order that a Body may move round in 

the Circumference of a Circle, it is requi- 
ſite, that as ſoon as the Body begins to more, 
ſome Power or Force continually act upon it, 
in ſuch manner as to make it bend its Courſe 
every Moment towards the Center of the Cir- 
cle; becauſe, as is obvious to conceive it would 
otherwiſe only move right forwards (a) ; for 
in Conſiderations of this kind, we do not ſup- 
poſe the revolving Body to be affected even by 
its own Wetrght, or any other moving Cauk 
whatever, except that whereby its Motion I 


made circular: And becauſe the Circurmfer-E 


(a) See Part I. Chap. IV. 
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ence of a Circle is every where equally diſtant 
from the Center thereof, it is obvious there 
muſt be the moſt exact Adjuſtment imaginable 
between the Power that retains the Body in 
the Circle, whatever that Power be, and the 
Endeavour the Body has to move right on in 
a ſtraight Line: For in Caſe the former be an 
wer- balance for the latter, it will bring the 
Body nearer and nearer to the Center of the 
Circle it ſhould deſcribe; and on the other 
Hand, if it be too weak, it permits it to move 
farther and farther off. So that the Body, 
inſtead of a Circle, will deſcribe ſome other 
Figure, which will be of this or that Form, 
according as the Force the Body moves with, 
compared with the Power which bends. its 
Courſe, is greater or leſs; and not only ſo, 
but as the latter (which is ſometimes the Caſe) 
n as more or leſs powerfully, as the revolving 
u. Body comes nearer or goes farther from the 
Ve, i Point it revolves about. And here we may 
have Recourſe to a Fact obvious to every one, 
which will in ſome Meaſure illuſtrate what 
we have been ſpeaking of, Let a Ball be 
hung up by a String : This Ball, when drawn 
2 little to one Side, will endeavour to return 
back to the loweſt Point, as if there were 
ſome Power ſeated in that Point to draw it 
thither from all Sides. But the Body may 
have a Caſt given it ſideways in ſuch Manner, 
ss that by Virtue of the Caſt, and by Virtue 
of its Tendency to the loweſt Point together, 
"Wt hall deſcribe a Circle parallel to the Hori- 
| X ZON 3 
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zon; or inſtead of that it may be made to de. 
ſcribe other Figures, as Ellipſes ſuppoſe, which 
will be of various Forms according to the 
Force and Direction of the Caſt given to the 
Ball. And if we ſuppoſe ſeveral Balls hung 
up, which when removed to equal Diſtances 
from their loweſt Points, ſhould tend thither 
again with unequal Forces, and theſe Forces 
urging them by different Laws and in different 
Manners, the Figures deſcribed by them, when 
thrown ſideways with this or that Force and 
Direction, will be proportionably diferent one 
from another. Now in this Suppoſition, the 
Caſt which is given to the Ball fideways, cor- 
reſponds with the Endeavour a Body revolviny 
in the Circumference of a Circle or other Fi 
gure, has to move right on continually, and 
ſo to leave the Center it ought to revolve 2. 
bout; and the Endeavour, Struggle, or Ten— 
dency the Ball, when drawn to one Side, has 
to move towards the loweſt Point, or rather 
the Power which is, as it were, ſeated in that 
loweſt Point, and occaſions the above-mention- 
ed Endeavour or Tendency in the Ball to move 
thither, correſponds with the Power we ſup— 
pol-d above neceſſary to retain a Body in the 
Circumference of the Circle or other Figure 
it deſcribes, and which by bending the Court 
of the Body inwards, that is, towards tit 
Center of the Figure, prevents it from going 
off in a ſtraight Line. 

Wi are therefore in the next Place, to ei- 
.quire hat Degree of Force or retaining Powe 
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is neceſſary to bend the Courſe of a Body in 
ſuch Manner that it ſhall deſcribe this or that 
Orbit (2); but ſince the Planets both primary 
and ſecondary, as alſo the Comets, deſcribe 
Orbits either circular or elliptical, as obſerved 
above, we will confine ourſelves chiefly to the 
Confideration of the Forces neceſſary to retain 
revolving Bodies in ſuch Orbits. 

This Subject has been already touched upon 
in the firſt Part of this Compendium (C), under 
the Title of Centripetal and Centrifugal Farces; 
but little more is taken Notice of there, than 
what was requiſite to ſhew the Poſſibility of 
ſuch a Motion as we are ſpeaking of, and to 
explain the Terms, which are theſe that follow, 
viz, Centripetal Force, or that whereby the re- 
volving Body is prevented from going on in a 
right line : The Centrifugal Force, or that by 
which it endeavours to go on in ſuch a Line. 
Theſe, like Action and Reaction, are equal in 


(a) For unleſs we can mea/ure the Forces we aſſign, and ſay 
they are exactly equal to the Effects we ſuppoſe them to pro- 
duce, it would be in vain to aſſign them at all. And this is 
what makes the Difference between true and falſe Philoſophy. 
The former by a mathematical Scrutiny, (as it were by a kind 
of Menſuration) finds that the Cauſes aſſigned are juſtly adapt- 
ed to the Facts accounted for; while the other, by a conjec- 
tural kind of Method, aſſigns Cauſes which perhaps are plau- 
ſible at firſt Sight, but when meaſured by the Rules of Geome- 
try, are found either too ſmall or too great for the Effects they 
ae ſuppoſed to produce. | 

This was the Caſe of Des Cartes's Vortices, the Doctrine of 
which captivated the whole Philoſophical Worid, and con- 
tnued to do fo, till they were weighed in that unerring Ba- 
lance, and thereby diſcovered to be inadequate to the Pur- 
Poles for which they were contrived. | 


(% Chap. VII I. | 
* 2 all 
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all Caſes, and therefore called by one common 
Name, Central Forces: That whereby the 
Body continues its Motion, is the Projectil 
Force; and the Time in which it revolves once 
round, is called the Periodical Time. The 
ſeveral Caſes proper to be conſidered, ſhall be 
comprized in the following Propoſitions. 


PRoPoOsSITION I. 

When two or more Bodies revolve at eg 
Diſtances from the Center of the Circle they 
deſcribe, but with anequal Velocities, the cen. 
tral Forces neceflary to retain them, will be 
to each other, as the Squares of their Velo- 
cities. That is, if one Body revolves twice 
as faſt as the other, it will require /our time; 
the retaining Force the other does ; if with 
three times the Velocity, it will then require 
nine times the Force to retain it in its Orb, 
„ 

N. B. We do not here conſider the Magni- 
tude of the revolving Body, becauſe we ſup- 
poſe the Power at the Center to act upon every 
Part of it alike, ſo that the larger it is, the 
more {forcibly in Proportion it is acted upon; 
and therefore it is the ſame thing, whether it 
be large or ſmall. | 


(a) Let BDF Fig. 25. repreſent a Circle whoſe Center is 5, 
draw ABC a Tangent to the ſame at the Point B, and let there 
be a Body moving from A towards C, and let it be ſuppoſed 
to be deſtitute of Weight, or whatever elſe might alter its 
Courſe, In this Caſe it would deſcribe the right Line ABC; 
but when it comes to B, let it begin to be acted upon by ſome 
central Force, or retaining Power ſeated in 8, ſuch as ſhall 
bend its Courſe at B from a rectilineal to a circular one, and 
acting upon it afterwards in every Inſtant of Time in like 

manner, 
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manner, ſhall cauſe it to deſcribe the Circle BDF B. Let us 
then proceed to eſtimate the Quantity of Force exerted in pro- 
ducing one of theſe Bendings ; in order to which let us con- 
ceive a Point of the Circle as D to be the very next to the 
Point B, though taken at ſome Diſtance in the Figure to avoid 
Confuſion of Lines. Parallel to the Diameter BF draw the 
Line CD, and parallel! to the Tangent BC the Line DG, 
draw alſo the Line BD, which will be the Diagonal of the 
Parallelogram CG. Now it is well known that ſuppoſing a 
Body would move from B to C, and by Virtue of ſome other 
Force acting upon it at the ſame Time, would move from 
B to G, it will neither move to C nor G, but to D; that is, 
its ſtraight Courſe will be bent into a circular one at B, for 
that is what is meant by its moving from B to D when B and 
Ns D are contiguous, as is here ſuppoſed. BG therefore is the 
0 Space over which the revolving Body would move by that 
8 Action of the central Force which cauſes the Bend at B, or 

0 any other Point of the Circle. And as BG is equal to the 
is Space over which the revolving Body would move by Virtue 
of the central Force, it will always be proportional to the Force 

es itſelf, The Value of that Line is therefore now to be deter- 
th WW mined. Join the Points D and F, then (by 31. EI. 3.) the 
| Triangle BD F will be right angled at D, and conſequently 
e by 8. and 6. El. 6.) BG: BD :: BD: BF, from whence 


BG = but when B and D are contiguous (as is here 


ſuppoſed) the Difference between the Chord BD and the Arch 


BD vaniſhes, ſo that BG = = 15 — Having thus found 


a Quantity proportionable to the Act of the central Force re- 
quiſite to retain a revolving Body in a Circle, we may pro- 
ceed to eſtabliſh the following fundamental Lemma. 


LEM M A TI. 
The Space that a Body retained in à Circle, by Virtue of any 


central Force, auould move over in a given Time, by Virtue of that 
Force only, is equal to the Square of the Arch deſcribed in that Time, 
divided by the Diameter of the Circle. 

Dem. The Action of a central Force upon a reyolving Body 
15 analogous to that of Gravity upon falling Bodies, and there- 
ore the Space a Body would move over by Virtue of that 
Force only, is as the Square of the Time that Action con- 
tinues: As then the Square of the Time the Arch BD is 
deſcribed in (the Points B and D being contiguous as before) 


X 3 39 


_ << 1 ” « — 
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. 
is to which, by what was ſhewn above, is a Quantity 


B F 
equal to the Space the Body would move over towards the 
Center in that Time, ſo is the Square of the Time given to 
the Space the Body would move over by Virtue of that Fore 
in that Time. If we then put ? to expreſs the Time the Arc 
BD would be deſcribed in, T for the Time given, and $ th; 
Space the Body would move over towards the Center in thy 
'Time, we ſhall have this Proportion, 


Vis. 74 .BD4 * * 


* 
Let che Arch the Body would BF 
deſcribe in the Time T, be the | 
Arch BN, then becauſe the Mo- 
tion of the Body in the Circum- 
ference of the Circle 1s uniform, 
we have 207: T:: BD: BN 
Squaring the laſt Proportion, | , 
we have | #3: T1; : BDR: BN 
Altering the Poſition of th 444 
Means in the firſt Proportion, : TA: : N: 8 
we have 5 BDe 
Comparing the third and BDA: BNa: : r: 8 
fourth Step together 
Turning che fifth Step into 6 S x BD — BN x BD: 


n . Y 
Dividing the laſt by BD 4 21S = 72 QE. D. 


Coroll. From this Lemma it follows, that the central Force 
requiſite to retain a revolving Body in the Circumference of z 
Circle, muſt be ſuch as, ſuppoſing the projectile Motion 
ſtopped, would cauſe the Body in the Time it would otherwiſe 
deſcribe any Portion of that Circumference, to move toward: 
the Center of the Circle over a Space or Diſtance of ſuch 
Length, as would ariſe from the Diviſion of the Square of that 


Portion of the Circumference by the Diameter of the Circle. 


And conſequently, it will in all Caſes be proportionable to the 
Square of the Arch the Body would deſcribe in a given Time 
divided by the Diameter of the Circle: Becauſe the Force 
exerted in any given Time, is proportionable to the Space it 
cauſes a Body to move over in that Time. 

To illuſtrate this, ſuppoſe the Diameter of the Circle 25 
Feet, and the Arch BN 10 Feet, and that the revolving Body 
moves over thoſe 10 Feet in a Minute. Then the Square of 
BN, which is 100, divided by the Diameter, or 25, gives 
Feet: The central Force therefore at 8, neceſſary to make the 
Body reyolve in the Circle BN F at the Rate of 10 Fo "1 

4 ns inute, 
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Minute, muſt be ſuch, as ſuppoſing the Body left to itſelf at E. 
(that is. without any Motion at all towards C, or any Weight 
or Gravity of its own) would make it move over 4 Feet to- 
wards S in a Minute. Again, ſuppoſing Things as before, 
only that the Body revolves with but halt its former Velocity, 
that is, that it deſcribes but five Feet of the Circumference of 
the Circle in a Minute; then the Square of that five Feet, 
which is 25, divided by 25, the Diameter gives 1; ſo that the 
central Force in this Caſe muſt be ſuch, that by Virtue thereof 
a Body deſtitute both of Weight and projectile Force, ſhall 
move over a Space 1 Foot long in a Minute. And converſely, 
if there be a Circle, whoſe Diameter is 25 Feet, and there be 
a Power Jodged in the Center thereof capable of cauſing a 
Bogy to move over the Space of 4 Feet in a Minute; then in 
order that a Body may be made to revolve round in the Cir- 
cumference of tha: Circle, it muſt be thrown forwards in a 
Direction at right Angles with the Radius of the Circle, with 
ſuch Velocity as would carry it over the Space of 10 Feet in 
that Time. And if the central Force be capable of cauſing it 
to move over but 1 Foot in a Minute, then it muſt be thrown 
forwards with a Velocity that ſhall make it move at the Rate 
of only 5 Feet. Or, fince the Velocity is uniform, and there- 
fore the Arch deſcribed 1s proportional to the Time 1t 1s de- 
ſcribed in, inſtead of an Arch as BN to calculate with, we 
may take the whole Circumference, and ſay, that the Space a 
Body would mode over by Virtue of the Central Force alone, in 
the Time it deſcribes the whole Circumference, is equal to that 
which would ariſe from the Diviſion of the Square of that whole 
Circumference by the Diameter of the Circle. And this 1s that 
ect Adjuſtment between the central and projectile Force we 
have been ſo long in Search of. h 
Suppoſe then we would calculate, how far a Stone would 
fall by its own Weight, in the Time in which, if thrown for- 
wards with a ſufficient Velocity, it would move quite round the 
Earth in a Circle. Let us call the Diameter of the Earth, that 
is, the Diameter of the Circle it deſcribes, 1, then the Circum- 
terence thereof would be 3 nearly, the Square of that 3, is 9. 
that divided by the Diameter 1, gives 9; ſo that a Stone would 
fall by Virtue of its own Weight through a Space equal to about 
0 Diameters of the Earth in the Time it would revolve once 
round it. But it is here to be obſerved, that the. Stone mult 
be ſuppoſed to be of the ſame Weight during its whole Fall, 
that it 1s of at firſt ; and ſo in all other Caſes, we ſuppoſe the 
Energy of the central Force to be the ſame at all Diſtances 
Whatever, unleſs when the contrary is expreſſed. 
We have hitherto been conſidering the Energy of the central 
Force, by comparing the Space it would cauſe a Body to move 
X 4 over 


— —ꝛ—— * * TA. 
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over in any certain Time, with the Space the Body ought u 
deſcribe along the Circumference of the Circle in the fame 
Time : Let us now take it in another View, and compare the 
Velocity a Body ought to move with to deſcribe a Circle, with 
the Velocity it would acquire in moving over ſome certain Space 
by Virtue of the central Force only; from whence will ariſe : 
Propofition very uſeful in Matters of this kind; and which for 
Diſtingion Sake we will call | 


LEMMA II. 


The Velocity of a Body ought to revolve with in the Circumferin 
of a Circle, is ſuch as it would acquire in moving by Virtue of th 
central Force only, over half the Radius of that Circle. 

To explain this, let the Body be ſuppoſed at Reſt at B, and 
let it be ated upon by a central Force at S: Upon this the Body 
will proceed towards 8 with a Motion, which will increaſe eren 
Moment (becauſe as in the Caſe of falling Bodies we ſuppoſe the 
central Force acting upon it with the ſame Intenſeneſs, whether 
the Body moves or not) and the Inſtant it gets half Way tothe 
Center S, it will have acquired ſome le of Velocity; 
that's the Velocity it ought to move with along the Circum- 
ference of the Circle to render its projectile Force an exaf 
Counterbalance to the centripetal one of the Power at S. Thus, 
ſuppoſe there were a Loadſtone fixed at 8, and a Piece of Steel 
at B, diveſted of its own Weight, ſo that it might be at Liber 
to move freely towards the Loadſtone, and to make the Inſtance 
parallel to the Caſe before us, let it be ſuppoſed that the Load. 
ſtone attracts the Steel with the ſame Degree of Force at all 
Diſtances, then whatever Velocity that Steel would have when 
it had got half Way to the Loadſtone, that's a Velocity with 
which, if the Steel were thrown from B along the Tangent BC, 
it would move round in the Path BDFB not approaching to- 
wards or receding from the Loadſtone. But the Steel mult be 
ſuppoſed to meet with no Reſiſtance from the Air, for if it 
does it will continually loſe ſomewhat of its Velocity, and 6 
after ſome Revolutions would fall upon the Body of the Load- 
ſtone. Again, ſuppoſe it were required to find the Velocity a 
Ball ought to be thrown forwards with at a ſmall Diſtance from 
the Surface of the Earth, that it ſhould move quite round in 2 
Circle, keeping the ſame Diſtance from the Surface of it all 
the Way. It muſt be ſuch, as that Ball (upon a Suppoſition 
that Gravity acts with the ſame Degree of Force at all Diſ⸗ 
tances from the Center of the Earth, as at the Surface) would 
acquire by falling half Way from the Place it was throwl 
from to the Center of the Earth (for that is ſuppoſed to be the 
Seat of the Power that gives it its Weight, and thereby hin- 
ders it from moving forwards ip the Direction it is thrown in.) 


4 | And 
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And that Velocity is eaſily calculcated from what was demon- 


0 

e Wirated, Part I. Chap. V. $. 4, or 5. ſuppoſing as Huygens has 
+ Letermined by very accurate Experiments, that a Body near the 
h orface of the Earth falls 157; Paris Feet in the firſt Second of 
+ Wrine. But enough of this by Way of Explication, it is 
: Wrime to demonſtrate what is here affirmed. 


Dem. Let the Diameter of the Circle be 16 Feet, in which 
Caſe half the Radius will be 4 Feet, then by Coroll. of Lemma 1. 
the Arch the Body muſt run over in the Time it would paſs 
thro! thoſe 4 Feet by Virtue of the central Force, muſt be ſuch 
that the Square of it divided by the Diameter may be 4 ; that 
is, it mult be 8 Feet, (becauſe the Square of 8, which is 64 di- 
vided by 16 the Diameter, gives 4) but if it deſcribes an Arch 


id of 8 Feet, in the Time it would fall through 4 Feet, it then 
ly ores with that very Velocity it might acquire by the Fall; 
ry becauſe as has been demonſtrated Part I. Chap. 5. F. 7. if a 
be WWBody moves uniformly with the Velocity it might acquire by 
er a Fall, it will move over a Space equal to z7awzce the Hei ht of 
he de Fall, in the Time thereof. Since then the Body in the 
75 aſe before us, deſcribes an Arch of the Circumference of 8 
m- et in the Time it would fall through 4 Feet, it moves therein 
at ith a Velocity it would acquire by falling through 4 Feet, that 


„ half the Radius. Q. E. D. To avoid a Circumlocution in the 
nidſt of the Argument, I call the Space the Body would move 
rer by Virtue of the central Force only, from its Analogy 
therewith, a Fall, 

Univer/ally thus, let the Diameter be equal to 4 Times ſome 
ertain Space, which Space let us call 4; the Diameter then 
wil be equal to 4%, and half the Radius will be equal to the 
pace 4, in which Caſe the Arch the Body deſcribes in the 
me it would fall through the Space 4 mult by the above-men- 
ones Corollary, be ſuch as that the Square of it divided by 4 


t be ines 4 may be once 4, that is, the Arch muſt be twice 4, (be- 
if it ee the Square of twice d, which is 4 times dd divided by the 
1 ſo WP imeter 4 Times 4, gives once 4) but as before, if the Body 
ad- ove uniformly through favice the Space 4, in the Time it 
ty 2 cold fall through once that Space, it then moves with that 
rom 


ery Velocity it would acquire by falling through that Space, 
is" ex Hypoth. through half the Length of the Radius, 
From what has been demonſtrated above, we may eaſily 
ern the Relation which the central Force that is requiſite to 
an one Body in the Circle it deſcribes, has to that which is 
Fquured for the ſame, or another Body revolving in a larger 
La Teſs Circle. Which relation is expreſſed in the following 
in- ma. : 


: 5 VV 2 
have this Proportion, C: c:: ＋ : _ 
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L EMMA III. 
The central Force whereby one Body is retained in the Circh ; 
d eſcribes, is to that whereby a Body mowing with a different Veliy 

or in a different Circle might be retained therein, as the Square 4 3 
Fehcity of the former divided by the Radius of the Circle it diſerity; 
za the Square of the Velocity of the latter divided by the Radius of 
the Circle which it deſcribes. | { 

Dem. By Corollary of Lemma 1. the Energy of the cent;y Wt | 
Force is proportionable to the Square of the Arch the Body de. 
ſcribes in a given Time, divided by the Diameter of the Cir(le, | 
And Arches deſcribed in a given Time, are as the Velocitic; . 
whereby they are deſcribed, and the Diameter of a Circle i; x; 
its Radius; conſequently the Action of the central Force i; 
proportionable to the Square of the Velocity the Body moves 
with divided by the Radius of the Circle it deſcribes; The 
central Force therefore whereby one Body is retained in the Cir- 
cle it deſcribes, is to that whereby a Body moving with a dif. 
ferent Velocity or in a different Circle might be retained there. 
in, as the Square of the Velocity of the former divided by the 

Radius of the Circle it deſcribes, to the Square of the Velocity 
of the latter, divided by the Radius of the Circle which it de. 
ſcribes. Q. E. D. 

Coroll. If we call the central Forces whereby the two revolr- 
ing Bodies are retained in their reſpective Circles C and « their 
Velocities V and v, and the Diſtances they revolve at, that h 
the Radii of the Circles they deſcribe R and r, we ſhall always 


Theſe Things which are the Foundation of what folloss, 
being eſtabliſhed, we may now proceed to demonſtrate ca 
Propoſition of this Chapter in the Order they lie in; the ti 
of which is, That when two or more Bodies revolve at % þ 
Diſtances from the Center, but with zneqgual Velocities, the 
central Forces neceſſary to retain them will be to each other 
as the Squares of their Velocities. = 

Dem. Let the Circle which one of the revolving Bodies 
ſuppoled to deſcribe in this and the 3 Caſes, be BDF, it 
Fig. 26. and that which the other deſcribes be 3% and let u 
call the Diſtances they revolve at from the common Center, that 
is, the Radii of the Circles they deſcribe, Randy; theVelocits 
they revolve with V and v; and the central Forces neceſſary 
xetain them C and c. Then by Corollary of Lemma 3. wells 


be 


have for the firſt Step of this | VV wv vo 

Demonſtration, | 1]C:c „ t 

But by the Propoſition R is 12 
equal to , therefore 2 C:: : vV: v. 51% 
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Prop. II. When two or more Bodies move 
with egual Velocities, but at unequal Diſtances 
from the Center they revolve about, their 
central Forces muſt be inverſly as their Diſ- 
tances. That is, by how many Times greater 
the Diſtance a Body revolves at is from the 
Center, ſo many Times leſs Force will retain 
it (6). 
| Pr 0 P. III. When two or more Bodies per- 
e form their Revolutions in egual Times, but 
„(t different Diſtances from the Center they 
ne. revolve about; the Forces requiſite to retain 
them in their Orbs will be to each other as 
MF the Diſtances they revolve at from the Center. 
For Inſtance, if one revolves at twice the 
Diſtance the other does, it will require a double 
«i; Force to retain it; if it deſcribes a Circle three 
wie Times as large as the other does, then a treble 
Force is requiſite, Sc. (c). 


%% Dem. By Corollary of | | 6 4 , VV 


Lemma 3. as before, Brier 1 
I 


1 8 
R . 7 Q. E. D. 


e) In order to demonſtrate this the following Lemma will 
be of uſe, | 


by the Propofition V is equal Xo 
to v, therefore, | 2 O:: 


L EMMA IV. 


The pericdical Time of a Body revolving in a Circle, is as thy 
Dillance it revelwves at from the Center directly, and as its Velo- 
ei inverſly, | | 

Demonſtration of the Lemma, The periodical Time of a re- 
volving Body, cæteris paribus, depends on the Diſtances it re- 
volves at from the Center, becauſe the greater that Diſtance is, 
phe greater 1s the Circle it deſcribes, and ſo the longer it is in 

coming 


. 
. 
þ 
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PRO P. IV. When two or more Bodies te. 
volving at different Diſtances from the Cente, 
are retained by equal centripetal Forces, their 


Velocities will be ſach, that their periodiey 
Times ſhall be to each other as the SquareRogi 
of their Diſtances. That is, if one revolves x 
four: Times the Diſtance another does, it wil 
perform a Revolution in twice the Time the 
other does; if at nine Times the Diſtance, i 
will revolve in thriee the Time, Sc. (a). 


coming round. Again, ceteris paribus, the greater its Veloci 
35, the ſooner it comes round; and therefore the periodical Tine 
is directly as the former, and inverſly as the latter: Or, as the 
former divided by the latter; and, R -—>7 
conſequently. ri D 
Coroll. Aud therefore in comparing the periodical Time 
of two Bodies together, if we call their periodical Times T 


and , the Diſtances they revolve at R and -; and their 


Velocities V and v, as before, we ſhall have this Proportion, 


r 
. 1133 2.8 
wiz. T 1 


Demonſ?. of the Propoſition. By I | :e: 


Corollary of Lemma 3, 


By Corollary of Lemma 4, 2 
Multiplying the 2d Step by the 

Ratio of V to v, we have, | 3 
By the Propoſition, T is equal 


to t, therefore, 

Comparing the 1ſt and 4th | 5 
Steps together, 

That is, | 6 


(4) Dem. By Corallary of 
Lemma 3, ' 
Multiplying by R: . 
By the Propoſition, C is equal 
to c, therefore, 


85 © ©. 


a = 


op MD 
— — 


n 
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PRO P. V. And in general, whatever be 
the Diſtances, the Velocities, or the periodical 
Times of the revolving Bodies, the retaining 
Forces will be to each other in a Ratio com- 
pounded of their Diſtances directly, and the 
Squares of their periodical Times inverſly. 
Thus for Inſtance, if one revolves at twice the 
Diſtance another does, and is three Times as 
long in moving ronnd, it will require +, that 
is, Two ninths of the retaining Power the other 
does. For as, if the retaining Power was in 
Ratio compounded of the Diſtance directly 
and directiy alſo of the Square of the periodical 
Time, the latter Body would require twice the 
retaining Power the other would multiplied 
by g, the Square of the periodical Time; ſo 
25 the latter Ratio is an inverſe one, it requires 
twice that Power divided by 9, that is, + or 
two ninths of it. For in compounding of 
Ratio's the Way is, if they are both direct to 
multiply them both together; if one be direct 
and the other inverſe, to divide the direct b 
the inverſe; if both are inverſe, to multiply 
bem both together, and to divide Unity by 


/ Corollary of | 1 
/ ary of Lemma 4, 4 nn 
quaring the laſt Step, 5 * 3 : Ba 2 
| VV v 

omparing the 3d and gth, 6 pp... X. 

hat is, R s 7 
xtraQRing the Roots of the Krenn 

7th Step, sT. 5: VK. r. p. 


them: 
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them: Thus, if the retainiüg Power had been 
as the Diſtance inverfly and znverſly too as the 
Square of the periodical Time, then in th, 
Caſe before us, the latter Body would have g. 
quired a retaining Power, which ſhould hay 
been as the Number 1 divided by 2, multipheq 
by 9; that is, as 1 divided by 18 : That is, if 
we ſuppoſe 1 to expreſs the central Force te. 
quiſite for the former Body, the FraQtion -. 
would have expreſſed that which would hate 
been neceſſary for the latter; or in other 
Words, their retaining Powers would hay: 
been related to each other, as 1 is to ,; tha 
is, the former would have been 18 Time 
greater than the latter (e). 

PRO. VI. If ſeveral Bodies revolve x 
different Diſtances from one common Center, 
and the retaining Power lodged in that Center 
decreaſes as the Squares of the Diftances in- 
creaſe; that is, if at a double Diſtance it be 


(e) Dem. By Corollary of | 1 83 VV wv 
Lemma 3, r 
Multiplying by R tox, 12] CR: :: VV: wv 


By Corollary of Lemma 4, | 3 [Tier: > — 
Multiplying the laſt by V tow, [4] TV ; rw :: R:. 
5 
6 


Dividing the laſt by T to, V: :: = . 


Squaring the laſt, VV: bv: 


| 
Comparing the 2d and 6th, 171 CR:@&: 


Nividing the lat by R to Py 0 4 —— 
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ſour Times weaker; and at a treble Diſtance, 

Times weaker, &c. the Squares of the periodi- 
cal Times of thoſe Bodies will be to each other 
as the Cubes of their Diſtances from the com- 
mon Center. This is, if there be two Bodies, 
whoſe Diſtances when caved, that is, multiplied 
by themſelves twice, are double or treble, &c. 
of each other, then their periodical Times will 
„be ſuch, as that when /quared only, that is, 
e multiplied by themſelves once, they ſhall be 
ner I alto double, or treble, &c. of each other (J). 


hat (%) Dem. By Corollary of 


| 1 Sein 
t 

2y the Propoſition, | 1 

| o 2 RR rr 


At Comparing the 1ſt and 2d 


ter Ml Step, 77 K 
nter Multiplying by R to r, | 4 VV: wp :: = E Ain 
wp 2 
By Corollary of Lemma 4, 51: a . 
i 
Multiplying by V to v, STV: i: N 
3 Ws, 
Dividing by T to t, 7 PV: 7 
3 RR 
Squaring the laſt, er. 
63 
Compari 1 
_— the 4th and the| 9g T 2 . FF 7 
Multiplying by TT to zr, 10 * : — a RR: 
Multiplying by R to v, TT: :: RRR: rrr. QE. D. 


And after like manner, we may eaſily demonſtrate the ſeventh 
Corollary of the fourth Propoſition of the firſt Book of Sir //aac 
Newton's Principia. Which becauſe it is of more than ordinary 
Difficulty to Beginners, I here add. It is to this Effect. 

When Bodies revolve in ſuch Manner that their periodical 

imes are to each other as ſome Power (which call z) of their 


| Diſtances, 


- <4 —— — 2 66 -— 3 —__ * 
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Diſtances, the centripetal Forces requiſite to retain them will 
be to each other inverſly as twice that Power wanting 69+ p 
their Diſtances ; that is, inverſly as their Diſtances raiſed to the 
Power 2n—1. 8 


Dem. By Corollary of Lem- 


„ 
ma 3, ir 1 * 
Multiplying by the Ratio of | 
R to x, | 2|CR:&:;:VV;w 
By the Suppoſition, 31 T:2::R m 
By Corollary of Lemma 4, SIT : R : W 
241717 
Comparing the 3d and 4th, 5 Ra; ,n; R + a 
- Multiplying by V to v, 6 VR x n "6 . 
Dividing by R® to rn, 1 WE 
3 ü : | 2 V 2 Rn — 3 
Dividing the Numerators in 


the laſt Step by R: r, gives | 
1: 1, and dividing the De- 
nominators R® : n by the 
ſame, brings them onePower 
lower, that is, to R®—* : 
15" —* ; therefore the laſt 
Step is reducible to 8 V: v:: —_ — 


Squaring both Sides of the 8th | | 
Step, which in the Denomi- 
nators R*—* and r"—* is | 


done by doubling their In- „ 

dex n—1, we have . VV R Peng? rf 
Comparing the zd and th! 

Steps, 10 CR: cr: : 2 


Dividing by R to, which in | 
the Denominators Rn —2 
and r*%=2 js done by add- | 
ing +1 totheirIndexzt—2, | x1 „„ 
by which means it becomes | | . N 
2n=—1, we have | | Q. E. ). 


Scholium. The foregoing Demonſtrations would have pio 
ceeded with equal Succef:, had we only taken the Antecedeat 


or the Conſequents in each Step; that ts, only the large x 
| och 
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only the ſmall Letters. Which Method, becauſe I ſhall make 

uſe of it hereafter, I will here give a Specimen of. Let it 

then be required to demonſtrate the firſt Propoſition of this 

Chapter over again in this latter Method. 

By Corollary of Lemma 3. The central | | 
Forces are as the Squares of the Veloci- 
ties divided by the Radii of the Circles | vv 
deſcribed, which put thus He: * 

By the Propoſition, the Circles deſcribed 
have one common Radius, call it 1. 
Then IL 

From the iſt and 2d Step compared, we 
have e:. 

That is, the central Forces of the revolving Bodies are to 

each other as the Squares of their Velocities, which is the 

Senſe of the Propoſition. 55 
Again, let it be required to demonſtrate the Corollary taken 

from Sir {/aac Newton's Principia, over again in this Method. 


By Corollary of Lemma 3, ti: LA 
By the Suppoſition — „ 
By Corollary of Lemma 4, —— 3|T: > 
Comparing the 2d and 3d Steps — 4 5 Ra 
Multiplying by V —— — 5 R: VR 
Dividing both Sides by R, reduces R to 
1, and brings Ru one Power lower, that 
is to R*—1, ſo that we ſhall then have | 611: VR" 
Dividing by Rn—* 7 | A : IE Hh. 
Squaring the laſt Step, which in the os 
Quantity R®*—* is affected by doubling 8 | 1 
tne Index n—*, we have | TE” VV 
Multiplying the firſt Step by R | g| ER: 4 | 
Comparing the two laſt — io ER * Ran 
Dividing by R, which in the Quantity | 
R**—2 is done by adding one to the 1 
Index, we have 9 
F 
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Secondly, Of the Forces neceſſary to retain 


Bodies revolving in other Orbs. 


PROP. VII. If a Body be turned out of 
its rectilineal Courſe by Virtue of a central 
Force, which decreaſes as you go from the 
Seat thereof, as the Squares of the Diſtances 
increaſe; that is, which is inverſly as the 
Square of the Diſtance, the Figure that Body 
{hall deſcribe, if not a Circle, will be a Para- 
bola, an Ellipſe or an Hyperbola, and one of 
the Foci of the Figure will be at the Seat of 
the retaining Power. That is, if there be not 
that exact Adjuitment between the projectile 
Force of the Body and the central Power ne- 
ccilary to cauſe it to deſcribe a Circle, it will 
then deſcribe one of thoſe other Figures, one 
o1 whoſe Foci will be where the Seat of the 

eraining Power is (g). 

) In order to ſhew this it will be neceſſary to premife the 

19!,0wing Lemma's. 
LEMMA V. 
The Velocity of a Bedy deſcribing any Curve, (if its Courſe is 


» ouloted by a retaining Power) is in one Point of the Curve to its 
iy tn any other Point thereef, inverſly as a Perpendicular draæun 
from the Seat of the retaining Poauer to a Tangent of the Curve at 
%, Point, to a Perpendicular drawn from the ſame Place to a 
un, en at the other Point. That is, in fever Words, the Velocity 
of ihe Body is inverfly as a Perpendicular let fall frem the Seat of 
ns retaining Poxver to Tangent at the Point where the Body is. 
Tas, if the Body be at D, a Point in Curve DEF, Fig. 27. and 
PD be @ Tangent thereto, and SP a Perpendicular to that T angent, 
raw through S ihe Seat of the retaining Power, the Velocity if 
the Hiody at D, compared with its Velocity in other Parts of i" 


2 . * . 4 = 
Curd, will be inverſly as SP, that is as the Quantity 5 


2 0 wy = 2 0 222 ee 


,—_— 


JS 
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Dem. It has been demonſtrated, Part I. Chap. VIII. that re- 
yolving Bodies deſcribe equal Areas in equal Times; that is, if 
z Body deſcribes the Curve Line DEF, and the Arches DE, 
EF, Ec. be run over in equal Times, the Areas DES, EFS, Ec. 
will be equal ; which Areas if we ſuppoſe the Times as ſmall as 
poſſible, may be conſidered as ſo many right-lined Triangles, 
becauſe in that Caſe the Lines DE, EF, &c. loſe their Curvity, 
and being produced are Tangents to the Curve. Produce the 
Line DE to P, and let fall the Perpendicular SP, then the Area 
of the Triangle DES, is had by multiplying its Baſe DE into 
half SP; and the Area of EFS is equal to its Baſe EF multiplied 
by half a Perpendicular drawn from S to EF produced, c. 
But theſe Triangles being deſcribed in equal Times are all 
equal, the longer therefore their Baſes, the ſhorter their Per- 
pendiculars, But the Baſes being run over in equal Times by 
the revolving Body, they are as the Velocity of the Body 
wherewith they are deſcribed ; conſequently the greater the Ve- 
locity of the Body, the ſhorter is the Perpendicular to the Tan- 
gent where the Body is. Which is the Senſe of the Lemma, 


LEMM A VI. 


Whatever Curve a revolving Body diſcribes by Virtue of a centri- 
petal Force, whether the Seat of that Force be within or without the 
Curve, the Action of that Force upon the Body when at any one Point 
of the Curve, muſt be to the ſame uten Ihe Body, when at another 
Pint of the Curwve, directly as the Diflance of the Body from the 
Seat of the retaining Power, and inverſly as the Cube of a Perpendi- 
cular let fall from the Seat of the reta:aing Power to a Tangent to 
the Curve at the Point where the Body is, multiplied by the Radius 
of a Circle of equal Curvature with the Figure at that Point. That 
is, if AX in Fig. 28. be the Curve deſcribed, and MDN, auho/e 
Center is C, be a Circle of equal Curvature with the Figure at the 
Point D, and PD be a Tangent to that Point, and SP a Perpen- 
licular thereto drawn through S the Seat of the retaining Power, 
the central Force requifite to act upon the Body at D muſt be as 


D 3 | DS 
SFP that is, if we put R for the Radius CD, as SFR. 
Dem. By Lemma 5, the Velocity of the revolving Body when 


at D is as 3, calling then that Velocity 


Squaring both Sides — — — 2 | VV... wn 
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By Corollary of Lemma 3, the central Force neceſſary to 
retain the Body in that Circle, (or, which is the ſame thing, at 
the Point D in the Curve ADX, becauſe they are both of equal 


Curvature there) would, if placed at C, be as 1 But whereas 


it is placed at S it acts obliquely to DC, and therefore to pro- 
duce the ſame Effect, muſt act more forcibly in the Proportion 
of SD to DT, ſuppoſing ST perpendicular to DC ; that is, be. 
cauſe SP is equal to DT, in the Proportion of SD to SP, 


1 VV VV VSD 
But by the Golden Rule Jer: :: X *_- 
Conſequently the central 
Force neceſſary if placed 
not at C, but at 8, is ex- 
preſſible by 4482 
: S XR 
Putting then C for the Ac- 
cion of the central Force 
noceſſary to be placed at 
8, we have 5 C R or which is thc 
a SD 
| ſame Thing, VV * PIR 
Comparing the 2d and 4th | 1 SD 
Steps together 6]C 85 * PIR 
'T hat is, | : SD - | 
1G: SPR Q. E. D. 


LEM M A VII. 

Le: AD Fig. 29. be a Parabola, whoſe Axis is AG, and ii: 
Focus 8, and let PDF be a Tangent at the Point D, through the 
Focus S and Point of Contatt D draw the Lines PS and DG 6010 
perpendicular to the Tangent PD, then will PS be equal to half 
9 | 

Dem. Produce DP till it meets the Axis in X, and draw the 
Diameter DO, and join thePoints Dand S : Then becauſe DO, 
as being a Diameter is parallel to GX, the Angle FDO 1 


equal to DXS ; tis alſo equal to the Angle XDS (Miln. Conic. 


Se&. Part IV. Prop. 4.) the Triangle XS is therefore an Iſo- 
ſceles one, and SP being perpendicular to the Baſe XD, XP 1 
equal to half XD; but PS and DG being parallel, the Tn. 
angles XPS and XDG are fimilar, and therefore PS is alſo 
equal to half DG. Q. E. D. 


LE MMA 


3 0 hand Loot wn 
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LEMM A VIII. 

Let AD Fig. 30. be a Portion of a Parabola, an Filig/e or an 
Hyperbola, one of whoſe Foci is 8, its longer Axis AB, and its 
Parameter or Latus rectum L; and let PF be © Langen at the 
Point D, join the Points D and S, thro the latter of aui draw 
the Line SP perpendicular to the T angent, and thr” the former *e 
Line DG perpendicular alſo to the Tangent, and e the lange. 


3 xe $D3 
fri in G. then wvill GD® be equal to > — 

Dem. Through the Point G draw the Line GT perpendicu- 
lar to DS, then will the right-angled Triangles DGT and DSP 
be ſimilar, becauſe the Angles DSP and SDG are alternate, 
conſequently 1 DG: DT : : SD : SP 


Put by Miln. Conic. Sect. 

Part IV. Prop. 6. rail 
From the iſt and zd Steps 

compared together 3 DG: L:: SD : SP 
Turning the zd Step into an LXSD 

Equation | 4| DG = —IÞ 

3 3 

Cubing the laſt Step 5 DO. L QE. D. 


LEMMA IX. 
Things remaining as before, produce DG to C in Fig. 31, 32, 33. 


fo that the Line DC may be equal to => then will a Circle 


whoſe Center is C, and Radius CD, be of the ſame Curvature, and 
eincident with the Figure AD at the Point D, whether it be a 
Parabela, an Ellipſe, or an Hyperbola. 
Demonſtration. a 
I. Fer the Parabola. The ſame Lines being drawn as in the 
foregoing Figure, draw alſo through D, Fig. 31. the Diameter 
Dy, and take a Portion of it as DI equal in Length to the 
Parameter of that Diameter, and let fall the Perpendicular IH 
meeting DG produced in , and let L be the Latus rectum or 
Parameter of the Figure, then | 
by the 3d Step of Lemma 8, DG: IL :: SD: SP 
The Angle HDI wants IDF to | 
make it a right one, the 
Angle PSD wants SDP to 
make it a right one, but IDF 
and SDP are equal, Miln. 
Conic, SeR, Part IV. Prop. 
4. therefore HDI and PSD | 
are ſo alſo, the Triangles 
therefore HDI and SDP ate 
ſimilar; conſequently. 2 | SD : SP:: DH: DI. 
= | Y 3 From 


—— —— 
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From the iſt and 2d Steps 
compared together 

By Miln. _— dect Part 
IV. Prop. 10. Coroll. 

From the 3d pt 4th Step 
compared 

Multiplying theAntecedents 
of the firit Step by 4, 

Compounding the 5th and 
6th Steps, that is multi- 
plying them together 


Lemma 7, 


Comparing the 7th and * 
Steps 


Turning the gth Step into 
an Equation 


Taking half the 1oth Step 


By Lemma 8, 


Comparing the 11th and 
12th Steps 


Dividing the 13th Step b 

"Ip P Oy 
2 

Halving the 14th Step 


But by Suppoſition 


Comparing the two laſt Steps 


6 


00 WW 


24 


| 


DG: L:: DH: DI 


| DI = 4DS 


DG : L:: DH : 408 
4DG : FL :: 4SD : 8p 


3 
4DG*: =: DH: $P 
I'DG = SP 

LL 


| 4DG*: — 7 : DH: 10 


2DG3 — LL x DH 


4 
DGs — LLXDH 


L* „SD 
n 
DHX LL LLLNSD. 
DET 
L x 8D3 
2 = * 
LxSN3 


= a 


LIL x$D3 
S 


* 1DH 


DG? = 


IDH = 


But DH being perpendicular to PF, and the Angle at Ia 


right one, it is obvious a Circle whoſe Diameter is DH, (and d 


conſcquently by the laſt Step, whoſe Radius is DC.) will paſs 
through the Point I, 31 El. z. and will have the Line PF for 
a Tangent to it at D; but by Miln. Conic SeR. Part III. Prop. 
11. Corll. 1. ſuch a Se will be of equal Curvature with the 
Parabola at the Point D; and the Circle and the Parabola will 
be alſo coincident with each other at that Point, becauſe the 
Line PF is a Tangent common to both. Q. E. D. | 


II. Fer 


Part IV. 


— 
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II. For the Ellip/is and Hyberbola. Let AD in Fig. 32. bea 
Portion of an Ellipſis, in Fig. 33. a Portion of an Hyperdola, 
one of whoſe Foci is 8, its Latus rectum L, and its longer Axis 
AB; let PF bea Tangent at the Point D, and draw the Lines 
SP, SD, and DG as in Fig. 30; draw allo the Diameter Da 
and produce it to I, ſo that DI may be equal to the Parameter 
of that Diameter; let fall the Perpendicular IH meeting PG 

roduced in H; thro? the Center E draw the Semiaxis EQ, 
and the Diameter K& conjugate to Dd; and to the longer Axis 
AB, the Ordinates DM and KN ; and in the Hyperbola produce 
EK and HD till they meet in R. Then by the known Property 
of the Ellipſis and Hyperbola De L'Hoſpit Liv, 2. Prop. 2. 
and Liv. 3. Prop. 2. |1| EQ: EAA: : DMA: AMx ME 
Simſon's Conic. Sect. 

Lib. 2. Prop. 19. and 

Lib. 3. Prop. 43. 2 AM x MB = EN4 
Comparing the iſt and 

2d Steps together, and 


extracting their Roots | 3 EQ: EA:: DM: EN 


The Diameter K4# being conjugate to Da is by the Definition 
of ſuch a Diameter, parallel to the Tangent PF, and conle- 
quently DH being perpendicular to that Tangent, the Triangle 
GER is a right-angled one, that Triangle therefore and the 
right-angled one KEN are ſimilar as having in the Ellipſe, 
their Angles at E vertical ; in the Hyperbola, common : The 
right-angled Triangles GER and DGM are alſo fimilar, as 
having their Angles at G in the Ellipſe, vertical; in the Hy- 
perbola, common: And conſequently the Triangles KEN and 
DGM are fimilar in each Figure. 


Therefore | 141 DM: EN:: DG: EK 
Comparing the 3d and 
4th Steps together 5|EQ: EA:: DG: EK 
The right-angled Tri- ; 
angles DER and DHI | 
the Ellipſe are fi-| x 
milar as having their 
angles at D common, 
in the Hyperbola as | 
having their Angles 
at D vertical, conſe- 
quently | 6 


DE: DR:: DH: DI 


Y 4 Sy 


344 The Dodtrine Part IV. 


By the Definition of | 
the Parameter DI, for 
the Ellipſe De L'Ho- 
ſpit. Lib. 2. Definit. | 
13. for the Hyperbola | 
Lib. 3. Definit. 15, | 7 DE: EK: : 2EK : DI 

'The Extremes of the | | | 
two laſt Steps being 
the ſame, the Product 
of the Means of the | 
one muſt be equal to 
the Product of the | 
Means of the other, 


that is $ | 2EK1 = DH x DR 
Multiplying the 8th[| 8 

Step by EK £ 9 | 2EK5 = DH x DR x EK 
By Simſon's Con. Sect. „ 

Lib. 2. Prop. 20. for 

the Ellipſe, Lib. 3. 

Prop. 45. for the Hy- 

perbola e 10 DR x EK = EA X EQ 
From the ꝙ and 10 [11 | 2ER® = DH x EA Xx EQ 
Dividing the 11 by 3 „ 

DI, 12 E = EAN EN 
By the Definit. of a | PH 


principal Parameter | 13 iL : EQ: EQ: EA 
Wherefore from the | | 5 
laſt by Definit. 10. 
Elem. 5. ils 
Multiplying the two EL: E:: EQ! : EA 


laſt together, 15 LL 
— : EQ x EA: EQ: EA? 


Comparing the 5th 
and 15th together, IL 
we have 16] —: EQ x EA:: DG: EK. 
Multiplying the 10 F | 
laſt Terms of the 


1 


5th Ste #4 
i 1 p by HH It | | : 
ecomes 5 Ls 2065 2 
9 R 
— . 7 - EQXEA:: DIT © DH 
r on | | 
Step and the 17th to- LL DG3 
2th © „ > 
Lene * 1 EQXFA:: 5H EA 
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TheConſequents in the 

13th Step being the 

ſame, the Antecedents 1 

are equal, that is 19 mr. 
Multiplying by DH {20 | 2DG? = LL * DH 


But the laſt Step here is the ſame with the 1cth in the Demon- 
tration for the A from whence therefore the ſame Con- 
duſion is to be drawn here as there: for the Propoſition in 
Miln. Conic. SeR. referred to at the End of that Demonſtra- 
tion, relates alſo to the Ellipſe and the Hyperbola. 


Demonſtration of the Propoſition above, to which this Note 
refers. 

75 ADX, Fig. 28. be a Portion of the Figure the revolving 
Body deſcribes, whether it be a Parabela, an Ellip/e, or an M- 
jerbola ; and let L be the Latus rectum or Parameter of the Fi- 
pure ; let the Seat of the retaining Power be at S, one of the 
Foci thereof, and let the revolving Body be ſuppoſed at D : draw 
the Line PD a Tangent to the Curve at that Point, and let fall 
the Perpendicular SP. Perpendicular to the Tangent draw the 
Line DC, which let us ſuppoſe to be the Radius of a Circle as 
MDN, of the fame Curvature, that the Figure ADX is at the 
Point D. Then 1t 1s obvious, that the ſame Force which placed 
atS would retain the revolving Body in the Circumference of the 
Circle when it came at D, will retain it in the other Figure, at 
that Point, they being at that Place one and the ſame Curve. But 


DS f | 
by Lemma 6, ſuch Force is as IJIPTH Calling then the re- 


taning Power C, we ſhall have this | DS 
Proportion, viz. 1: SP3XR_ 


And fince the Circle MDN is of the ſame Curvature and co- 
incident with the Figure ADX, its Radius DC is by Lemma q, 


3 


equal to the Quantity >>, putting then R for the Radius 


is before we ſhall have this Equa- | L x SD3 

Es | 5 4 * 28P& 
Comparing the iſt and 2d Step to- | 
gether, we ſhall have this Pro- DS 
portion z3]C:- L>xSD® 

3 . 

f ; SP oo _ 
punging SP? as being both DS 
Multiplicator ard Diviſor | 4 | C "TL x $D3 

RA F 1 


Dividing 
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That a Body ſhall deſcribe Figures fo diffe. the 


rent, when the Power that directs its CourſeMWott 
is the ſame, and acts by one and the fame Lay,MWt v 
is owing to the Degree of Velocity the Bont 
moves with. Thus ſuppoſing the centry 
Power placed at S (in Fig. 34.) and that the 
revolving Body fets off at D in the Direction 
DB perpendicular to the Line DS, with ſuch 
Velocity as it would obtain in falling by Virtue 
of that central Power only, half Way from D 
to 8, it will then, by Lemma 2, deſcribe : 
Circle as DK M, whoſe Center is the Point 8. 
If it ſets off from D in the fame Direction 2 
before, but with a leſs Velocity, it then re- 
volves within that Circle deſcribing an Ellipſe, 


as DLN, one of whoſe Foc: is at 8, the Seat 1 
of the retaining Power, and the other between Fig 
that and the Point D, as at F. If it ſets of 40 
from D with fomewhat greater Velocity than For 
what it would acquire by the above-mentioned and 
Fall, it will {till deſcribe an Ellipſe, as DEO 
one of whoſe Foci ſhall be at S as before, but ©1 
tn 
ling all by D'S tyler <q 
Dividing all by len 
But 4 Lis the ſame, whatever Point LX Do for 
of the Figure deſcribed the re- ior 
volving Body is at, and may qui 
therefore be conſidered as Unity, | 6 fees 23 * 
conſequently 1 ch 
That is, the retaining Power, if it be inverfly as the Square o. It \ 
the Diſtance, and ſeated in the Focus of the Figure, will die ton 
the Courſe of the revolving Body in ſuch Manner, as that it F 
mall deſcribe the ſaid Figure, be it a Parabola, an Ellipſe, or 2% 
Hyperbola. Q. E. D. leta 


the 
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the other ſhall be beyond it as at G. If it ſets 
of with a Velocity which is greater than that 
it would acquire by the above-mentioned Fall 
in the Proportion of V to 1, that is the Square 
Root of 2 to 1, it ſtill deſcribes a Figure, one 
of whoſe Foct is S as before, but the other, as 
G, goes off to an infinite Diſtance ; that is, the 
Wl figure deſcribed becomes a Parabola, as DPQ, 
WH whoſe Focus is 8. If it ſets off with a greater 
Velocity than this laſt, the Seat of the retain- 
ng Power remains ſtill at S, but the other 
Focus G goes yet farther off; that is, it comes 
on on the other Side the Point D as at , and 
the Figure deſcribed becomes an Hyperbola, 
$DRT, whoſe Foci are S and H. 

From hence it is obſervable, that of the four 
Figures there are but two wherein an exact 
Adjuſtment is requiſite between the retaining 
Power and the projectile Force, vig. the Circle 
nd the Parabola. In the former of which, 
the Velocity muſt be ſuch as the Body would 
acquire by falling half Way to 8, in the latter 
It muſt exceed that in the Proportion of the 
Square Root of 2 to 1 ; that is, in the Propor- 
ton of ſomewhat leſs than 1+ to 1. Thus 
or Inſtance, if one Degree of Velocity is re- 
quite to cauſe a Body ſetting off at D, to re- 
rolve in a Circle about the Point 8, as a Center; 
will require about one Degree and an half 
"Fo make the Body ſetting off at the ſame Place, 
v deſcribe a Parabola by Virtue of the ſame 

aning Power ſeated in the ſame Point S. 
the Again, 


/ 


P of 
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Again, the ſame Figures may be deſcribed, 
though the Seat of the retaining Power be in 
the other Foci, F, G, or H; for Inſtance, if i 
be at F, in order that the Body may deſcribe 
the Ellipſe DL N, it muſt ſet off at D with 
the fame Velocity it had in the former Ca 
when it came to N: If it be at G, it will ce. 
ſcribe the Ellipſe DEO, ſetting off at D with 
the Velocity it had before at O: And if G, the 
Seat of the retaining Power be at an infinite 
Diſtance, or in other Words (becauſe to (ay 
determinate Point is at an infinite Diſtance, is1 
Contradiction in Times) if the retaining Power 
act in ſuch manner as it would do if the Seat 
of it was at an infinite Diſtance ; that is if it 
act upon the revolving Body in Lines paralle 
to DG; and with the ſame Degree of Force, 
whether the Body be at D, at P, or at Q, &. 
it will defcribe the Parabola DPQ with what- 


ever Velocity it ſets off with from P. For to the 
deſcribe a Circle round the Point G at an in- un 
finite Diſtance ; it mult ſet off with an infinite {0 
Velocity, becauſe, as obſerved above, it mul be 
ſet off with the Velocity it would acquire H, 
falling half Way to that Point; now a Bod 
will deſcribe an Ellipſe round a given Point de 
with any Degree of Velocity Jeſs than it wil tha 
deſcribe a Circle with round the ſame, as MW © © 
was obſerved that the Ellipſe DEN was ce wg 
ſcribed with leſs Velocity than the Circ: ©: 


DKM. but a Parabola is no other than 4 
Ellipſe, one of whoſe Foci is at an infini 
Diſtancll 
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Diſtance, the Body will therefore deſcribe a 
parabola when the Seat of the retaining Power 
is at an infinite Diſtance, with any Degree of 
Velocity leſs than an infinite one. 

This is the Reaſon, that Projectiles upon 
the Surface of the Earth are ſaid to deſcribe 
Parabola's, becauſe on Account of the great 
Diſtance of the Center of the Earth, compared 
with the Height Bodies can be thrown to, 
Gravity does as to Senſe, aCt upon them uni- 
formly and in parallel Lines. 

Azain, when the Point G the Seat of the 
retaining Power goes off at an infinite Diſtance 
one Way; it immediately, or indeed ſtrictly 
ſpeaking at the ſame Inſtant, becomes the Point 
Hat an infinite Diſtance the other Way; fo 
that thoſe two conſidered as at an infinite Diſ- 
tance, are as it were one and the ſame Point ; 
and conſequently it is the fame thing whether 
the retaining Power be at G an infinite Diſ- 
tance to the Right, or at H an infinite Diſtance 
to the Let, and therefore the Figure will ſtill 
be a Parabola, and may alſo be deſcribed with 
any Degree of Velocity: only if it be at H, 
an infinite Diſtance to the left, the Power muſt 
in be negative in reſpect of what it was before; 
that is, it muſt be of the repulſive Kind, as it 
obvious it ought to be, to cauſe the revolv- 
de. ng Body to deſcribe a Figure whoſe Con- 
roll Exit is turned towards the Seat of the re- 
of ling Power. | | 
oily _ Ii 
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If the Seat of the retaining Power H comes 
nearer, ſo as to be at a finite Diſtance from the 
other Focus 8, the Power muſt ſtill be nega. 
tive, or repulſive ; and the Figure deſcribeg 
will be an Hyperbola, whoſe Foci are H and 
S. And the Hyperbola in this Caſe may be 
deſcribed whatever be the Velocity the Body 
ſets off with; for the central Force being of 
the repulſive kind, the Figure deſcribed wil 
neceſſarily be convex towards the Seat thereof, 
that is, towards one of its Foci; but none of 
the Sections of the Cone have one of their 
Foci on the convex Side of the Figure, and at 
a finite Diſtance from its Vertex, except the 
Hyperbola (). 

Hence 


(hb) In order to evince the Truth of what is here affirmed, 
the following Lemma will be of Uſe. 


LEMMA X. 


Let the Curve Line DPO in Fig. 35. repreſent a conic Sectin. 
one of whoſe Foci is 8, and let the Circle DKR be of the ſan 
Curvature therewith at its Vertex D, then if the Curwye be a Pt: 
rabola, DR the Diameter of the Circle will be equal to, if it be a 
Ellip/e, it will be lejs, if an Hyperbola it will be greater than ful 
times the Diſtance DS. 

Demen/t. of the Lemma. (By Miln. Conic. Sect. Part lll 
Prop. 11. Coroll. 5.) DR the Diameter of the Circle is equi 
to the Parameter of the Axis of the Curve, whether it be aP# 
zabola, Ellipſe or Hyperbola, which let us call L. 
Therefore . 

1. If the Curve be a Parabola, 
by the Definition of the Pa- 
rameter, (De L' Hoſpit. Con. 
Sect. Lav. 1. Def. 5.) 2112 

Comparing iſt and 2d Step 3 DR = 4DS. Q. E. D. 


——  — 


— — 
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jet F be in its other Focus, 
then will DF + DS be 
equal to its longer Axis, 
De L'Hoſp. Con. Sect. 
Liv. 2. Cor. 2. of the De- 
finitions; 
Axis X. Then from the 
Definition of the Parame- 
ter De L' Hoſp. Con. Sect. 
Liv. 2. Def. 8.) we ſhall 
have this Proportion 

Turning the laſt Step into 
an Equation 


(By De L'Hoſpit. Con. Sect. 
Liv. 2. Corol. 4. of the 
Definitions) the Square of 
half X is equal to DS x 
DF, that 1s, | 


Conſequently 


Step 


Turning this Equation into 
a Proportion 


Comparing the 1K and the 
gth Step 


DS. QE. D. 


have this Proportion 


Turning the laſt Step into 
an Equation 


(By De L'Hoſpit. Con. SeR. 
Liv. 3. Corol. 4. of the 
Definitions) the Square of 


half X is equal to DS x 
H, that is 


Therefore 


call its ſhorter 


Comparing the 5th and 7 
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| 
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But DF is leſs than DF + DS, 
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4 JL: X: : X: D8 + DF 
F 
© DS + DF 
| bh 
6 = DS x DF 
| 7 | X4 = 4DS x DF 
9 4 DSK DE 
— DS+DF 
9 L : 4DS : : DF: DF+DS 
101 DR: 4DS:: DF: DF+DS 


therefore DR 1s leſs than 4 


3. If the Curve be an Hyperbola, let H be its other Focus, 
chen will PI- Ds be equal to its longer Axis, by De L'Hoſp. 

Con. Set. Liv. 3. Corol. 2. of the Definitions: And call as 
before its ſhorter Axis H; then from the Definition of the Pa- 
rameter (De L*Hoſpit. Conic. Sect. Liv. 3. Definit. 8.) we ſhall 


L: X:: X: DH — D$ 
dCi 
= H= 
| 
q 
|= =Ds x DH 
X= 4DS Xx DH 


Comparing 
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Comparing the t1th and 4DS x DH 

13th Steps n 
Turning this into a Pro- 

portion ä 15 L: 4D8 :: DH : DH 
Comparing the iſt and 14th | 
Steps 16 DR: 4DS: : DH : DH-s 


But DH is greater than DH — DS, therefore DR is great 
alſo than 4DS. Q. E. D. 7e being premiſed, we may jr. 
. ceed to confirm what was laid down in the Text above. 

1. Let the Curve DPQ be a Paribola, and the Circle Dip 
being of the ſame Curvature with the Parabola at the Point), 
as ſuppoſed above, the Velocity a Body ought to ſet off yitl 
from D, to deſcribe the Circle, is the ſame with that wit 
which it ought to ſet off, to deſcribe the Parabola : but the Ye. 
locity it ought to ſet off with to deſcribe the Circle, is by Lem. 
ma 2. ſuch as it would acquire by falling to S, becauſe Ds being 
(by Lemma 10.) a Quarter of DR, is equal to half the Radius 
of the Circle; call this Space 2: but the Velocity it ought to 

ſet off with to deſcribe a Circle, whoſe Center is S, is ſuch asit 
would acquire by falling thro* half DS, which Space (becauſe 
the whole Line DS is called 2) muſt be called one. Now the 
Velocities Bodies acquire by falling through certain Spaces are 
to each other as the Square Roots of thoſe Spaces (by Part, 
Chap. 5. $ 6.) the above-mentioned Velocities therefore are to 
each other as 2 to 1. That is, the Velocity a Body ought to 
ſet off with from D (the Vertex of the Figure, and in a Direction 
perpendicular to the Axis DS, which I would always have ſup- 
poſed) in order to revolve in a Parabola whoſe Focus is 8, is to 
that it ought to have at the ſame Place (and in the ſame Direc: 
tion) to deſcribe a Circle whoſe Center is 8, as VZ tO 1. 

2. Had the Figure DPQ been an Ellipſe, a Quarter of Di 
the Diameter of a Circle of the ſame Curvature therewith, had 
been (by Lemma 10.) leſs than DS; and ſo the Velocity the 
revolving Body muſt have had to deſcribe that Circle, 6 
(which is the ſame Thing, becauſe of their equal Curvature) 
the Ellipſe would have been acquirable by falling thro' a |eb 
Space than DS, and therefore would have been a leſs Velocig. 
That is, it would have exceeded the Velocity requiſite for i 
Circle, whoſe Center is S the Seat of the retaining Power, 1 
a leſs Proportion than that of 4/7 to 1. | 

3. If the Figure DPO be an Hyperbola, a Quarter of DR" 
bigger than DS (by Lemma 10.) and ſo the Space a Body mul 

fall through to get a competent Velocity for that Curve, will be 
reater than what it muſt fall through to obtain a compete! 


Velocity for the Parabola : The Velocity therefore requiſite 1 


Part lx. 
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Hence we may obſerve, that, ſuppoſing the 
Motion of a revolving Body be ſo adjuſted to 
the Power by which it is retained, that it ſhall 
deſcribe a circular Orb, and its Velocity be 
afterwards altered by ſome Accident, and 
thereby the Adjuſtment thereof to the central 
Force deſtroyed, that Body ſhall not imme- 
diately fall to the Center : the Form of its 
Orbit only will be altered, and from being 
circular, will become elliptical, parabolical, or 
hyperbolical, according to the Alteration made 
in its Velocity. Let its Velocity be diminiſhed 
in any Degree whatever, or let it be increaſed, 
but ſo that it ſtill may a bear a leſs Proportion 
to that which is requiſite to make the Body 
deſcribe a Circle than the Square Root of 2 
does to 1, and the Orbit will become an Ellipſe; 
if its Velocity be ſo far increaſed as to bear the 
lame Proportion to that which is neceſſary to 
make it deſcribe a Circle, as the Square Root 
of 2 does to 1, its Orbit becomes a Parabola ; 
if its Velocity be till farther increaſed, the 
Orbit becomes an Hyperbola. Hence we 
have a probable Reaſon why the Orbits of 
the Planets are now elliptical ; for ſuppoſing 
them to have been circular at firſt, as it is not 
unlikely they were, yet upon the firſt Dif- 
turbance in their Motions, whether from their 


the Hyperbola exceeds the Velocity required for a Circle whofe 

enter is 8, in a greater Proportion than that of z to 1. 
From which all that is aſſerted above in the Text to which this 
Note refers, except what is there otherwiſe accounted for, may 
be collected. 


VOL, II. * mutual 
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mutual Action upon each other, the Reſiſtance 
of the Medium they revolve in, the Acceſs of 
a Comet, or any other Cauſe whatever; and 
whether their Motion be increaſed or decreaſed 
thereby, provided it be not increaſed in a De. 
gree beyond the Proportion above laid down, 
their Orbits would immediately become ellip- 
tical. Should the Motion of any of them be 
increaſed ſo as to come up to, or exceed the 
Degree above-mentioned, its Orbit would ac. 
cordingly be changed into a Parabola, or an 
Hyperbola, and the Planet would go off, never 
to return. 

PRroy. VIII. If the Force of the central 
Power decreaſes as the Square of the Diſtance 
increaſes, and ſeveral Bodies revolving about 
the ſame, deſcribe Orbits that are elliptical, 
the Squares of the periodical Times of thoſe 
Bodies will be to each other as the Cubes of 
their middle Diſtances from the Seat of that 
Power (L). 


(4) To demonſtrate this Propoſition, let the following 
Lemma be premiſed. 
| LEMM A KI. 


The Area a revolving Body deſcribes, is as its Velocity multiplied 
by a Perfendicular let fall from the Seat of the retaining Power to 
a T angent at that Point of the Curve where the Body is. 

Demo uſt. of the Lemma. Let AB in Fig. 36. be the Curve de- 
ſcribed, DC a Portion of the Curve deſcribed in the leaſt Tims 
poſſible, then will DC repreſent the Velocityof the Body; pro- 
duce DC to P, then will DP be a Tangent to the Curve: From 
S the Seat of the retaining Power let fall the Perpendicular SP, 
draw DS and CS; then will DCS be the Area the Body de- 

ſcribes, but DC by reaſon of its Shortneſs may be conſidered as 
a ſtrait Line, the Area DC'S is therefore a Triangle, which 1s 


had by maltiplying the Baſe DC into half the Perpendicular 8p, 
therefore 
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therefore it is proportionable to DC multiplied by the whole 
Line SP, that is, to the Velocity of the revolving Body multi- 
plied by a Perpendicular let fall from the Seat of the retaining 
power to a Tangent at that Point of the Curve where the 
Body is. Q. E. D. 

Dem. of the Propoſition. Let ADB and adb in Fig. 37 and 38. 
repreſent two Ellipſes, whoſe principal Parameters are L and L, 
and let S be one of the Foci of the one, and s one of thoſe of 
the other, and let the Ellipſes be ſuppoſed to lie in ſuch manner 
upon one another, that the Points 8 and 5 may be one and the 
ſame Point, which let us ſuppoſe to be the Seat of the retaining 
Power; and let the revolving Bodies be at D and , through 
which draw the Tangents PD and a, the Perpendiculars PS and 
DC, and ps and dc, and the Lines DS and 4s; and let DC and 
dc be Radu of Curvature to the Points D and 4; and let the 
Force of the retaining Power at the Diſtance SD be called F, 
and at the Diſtance d be called 7, and let the Velocities of the 
revolving Bodies when at the Points D and 4 be called V and v. 
Then becauſe by the Propoſition the Force of the central or 
retaining Power 15 ſuppoſed to decreaſe as the Squares of the 
Diſtances SD and d inereaſe, that is, to be reciprocally as the 
Squares of thoſe Diſtances, we ſhall have for the firſt Step of the 

I I 
SDI fad! 
Parallel to the Tangents draw the Lines SH and 54, and let the 
Force of the retaining Power which acts upon the Body at D in 
the Direction DS be reſolved into two others, viz. DP and DH, 
the former along the Tangent DP, the latter along the Radius 
of Curvature DC, then it is obvious that it is by this latter Force 
only that the revolving Body 1s retained in the Circle whoſe 
Radius is DC, that is, in the Ellipſe at the Point D, the other 
Force along the Tangent only accelerates the Body when moving 
towards A, and retards it if moving towards B. To compute 
the Quantity of Force in the Direction DC, ſay as DS is to DH 


ſo is the oblique Force F, or inſtead thereof = (ſee Step the 

Iſt) to a fourth Number, which fourth Number by — Golden 
: DEH . | "3 

Rule will be Sr or (becauſe SP is equal to DH) 557 and in 


following Proceſs, this Analogy, ie F FFI, 


like manner we ſhall have -, for the Force retaining the other 
4 


Body in the Circle whoſe Center is c; but by Corollary of Lem- 
ma 3. the Foree neceſſary to retain a Body in a Circle whoſe 
Radius is CD is expreſſible by the Square of its Velocity divided 
dy the Radius of the Circle it deſcribes, that is, in the preſent 

2 2 Caſe 
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Caſe by F. And in like manner the Force retaining the other 


Body in its Circle, will 
2 | 
be — conſequently 


Multiplying the laft 
Step by CD: ca 


Since CD is ſuppoſed| 


to be the Radius of 
a Circle of equa] 
Curvature with the 
Figure, we ſhall have 
by Lemma 9g. theſe 
Equations, viz. {| 


Comparing the 3d and 
4th Steps 
That is, by reducing 


the laſt Step to lower 
Terms 


Extracting the Square 
Root of each Term 


Multiplying by SP : ” 


But by Lemma 11. the 


Area one Body de-| 


ſcribes is to that 
which the other de- 
ſcribes in the ſame 


Time, as V Xx SP to 


V X 5þ, which Areas, 


call A and a, and 
we ſhall have this 


Proportion, viz. 


Comparing the 8th and 
th Steps 


10 


9 


„ 
a 25” OB 
SP 0 
oi CD Nd: Va a1. 
CD LXSD IXI 


25750 


SP _LxSD? YH TINA. 
r V.. 
SD: e e e e 
8 I 

IÞy 7 V1: wq 

n e 

"SP" 77 © V 2 V 

L: :: VXSP: vxp 

A: a:: VXSP: wXsp 


| 


A6: 


Now the Area of the whole Ellipſe ADB is to that of the 
other aab, as AB the longer Axis multiplied by QN the ſhorter, 
to ab X qu, thoſe Quantities therefore may be put for the Areas 
themſelves: Tf then we call the Time in which the Areas A 
and- a are deſcribed in, one, (as one Hour or one Minute 
ſuppole) and the Times the whole Ellipſes are deſcribed in : 
an 
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ind 7, we ſhall have (ſince the Area a revolving Body deſcribes 
js proportional to the Time it is deſcribed in) the following 


Analogies, viz. 
And 


Comparing the 3 laſt 
Steps together we 
have the two fol- 


lowing ones, vix. 


By De L'Hoſpit. Con. | 


Se. Liv. 2. Def, 8. 


Turning the laſt Pro- 
portion into an Equa- 
tion 


krtradting the Square 
Roots of each Side 
of the Equation 


And in like manner 


gene the 13th 
and 17th Steps to- 
vether 


And comparing the 
14th and 18th to- 
gether 


4804-1348 3:2 


111: T:: A: ABXQN 
1217 :: 4: abxgn 


13 e 


1417 :: : abxgn 


15 AB: M:: M: L 


AB x L N 


dojo: T:tv/ Lt AB X NIN NIL. 


M :abN N XV 


Dividing the latter Part 


tion by L 
Dwiding the latter Part | 
of the 2oth Propor- 
tion by 7 
Comparing the 21ſt | 
and 22d 


Squaring each Term 
That is 


of the 19th Propor- | 
5 


1: T:: 1: ABN VN 


12 : ½12 KN 


T: 7 :: ABXy/ AB : abXvVab 
24 T1 : 0 (+: ABNAR: ably ab 


But half the longer Axis AB is equal to the middle Diſtance 
SN, (De L*Hoſpit. Conic. Sect. Liv. 2. Coroll. 3. of the De- 
finitions) therefore fince Halves are proportionable to their 


oles 


26 TT: # :: AB? : ab 


| 26] TT : :: SNA: 5n*. Q. E. D. 
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PRO. IX. If the retaining Power decreaſe: 
ſomething faſter as you go from the Sext 
thereof (or which is the ſame Thing, increaſes 
ſomething faſter as you come towards it) than 
in the Proportion mentioned in the laſt Props. 
ſition, and the Figure the revolving Body de. 
ſcribes be not a Circle, the Axis of that Figure 
will turn the fame Way the Body revolves; 
but if the faid Power decreaſes (or increaſe) 
ſomewhat ſlower than in that Proportion, the 
Axis of the Figure will turn the contrary Way, 
Thus, if a revolving Body as D, Fig. zy. 
paſſing from A towards B deſcribes the Figure 
ADB, whole Axis AB at preſent points bo- 
wards M and N, and the Power whereby it is 
retained decreaſes faſter than the Square of the 
Diſtance increaſes, after a Number of Revolu- 
tions the Axis of the Figure will point towards 
O and P, and after that towards Q and R, &c. 
revolving round the ſame Way with the Body, 
and if the retaining Power decreaſes flower 


than in that Proportion, the Axis will turn 
the other Way (7), 


(i) Den. Let Sin Fig. 40. repreſent the Seat of the retain- 
ing Power, and let a Body as PD, deſcribe the Orb ADB paſſing 
from A towards B; and let another as N deſcribe a revolving 
Orb as MNO equal and fimilar to the former, and let both the 
Orbits be deſcribed in the ſame Time; and let the Velocity 
wherewith the Orb MN O revolves be. ſuch, that the Angle 
ASN fhall always be proportionable to the Angle ASD. To 
explain this a little farther, ſ uppoſe that when the Bodies N and 
D ſet out from M and A, thoſe two Points were then together 
at A; or that the Orbits did then coincide; but that N advances 
torwards in ſuch Manner, as that if the Angle AS N is at 2 


t IV, 
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time double, treble, or in any other Proportion of the Angle 
ASD, it ſhall always be ſo : That is, that the Line SN ſhall 
always move faſter or ſlower than the Line SD in ſome certain 
proportion; and that the Point M ſhall follow or go from the 
Body N, ſo as that the Arch MN ſhall be always equal to the 
Arch AD. And let it farther be ſuppoſed that the Line SN 
is always equal to SD. 

The firſt Inquiry which ariſes here is, whether this be a 
poſſible Caſe ; that 15, whether the Body N moving with the 
above-mentioned Reſtrictions, the Line SN can deſcribe Areas 
proportionable to the Times, becauſe as was ſhewn, Part I. 
Chap. 8. that 1s always requiſite where Bodies revolve round a 
central Force, and are retained in their Orbits thereby. Let it 
then be conſidered in the firſt Place, that the Body D mo 
in the quieſcent Orb ADB may do ſo, its Motion being clogge 
with none of thoſe Suppoſitions ; ſecondly, that the Line NS 1s 
always equal to DS, and the Velocity wherewith its Extremity 
N moves forwards, is proportionable to that which D the Ex- 
tremity of the other moves with ; and conſequently the Areas 
which one deſcribes, (for the Areas depend ſolely on the Length 
and Velocity of the Lines that deſcribe them) will be propor- 
tionable to thoſe which the other deſcribes : Since then thoſe 
of the former may be proportionable to the Times they are de- 
ſcribed in, it is poſſible thoſe of the latter may be ſo too; the 
Suppoſition therefore above laid down 1s not abſurd. 

The next Inquiry is, by what Law the Action of the central 
Force at S muſt decreaſe as we recede from it, that a Body as 
N may deſcribe the revolving Orb MNO in the Manner 
above-mentioned, Or, which will anſwer our Purpoſe as well, 
how the Force neceſſary to retain the Body N deſcribing the 
revolving Orb MN O, muſt differ from that which is requiſite 
to retain the other Body D deſcribing the quieſcent Orb ADB 
equal and ſimilar thereto. 

In order to this, let DR, in Fig. 41. repreſent a Portion of the 
quieſcent Orb deſcribed in the leaſt Time poſſible, this then may 
be conſidered as a ſtrait Line ; and let the Motion of the Body 
along this Line be reſolved into two, the one towards S along the 
Line DT, and another along the Line TR at right Angles there- 
with ; then will DT repreſent the Velocity wherewith the Body 
deſcends towards 8, and conſequently the Action of the central 
Force whereby it is retained in the Arch DR; and TR will re- 
preſent the Velocity by which it advances forwards in the mean 
Time. Let it now be ſuppoſed that the Orb ADB advances for- 
wards, while the Arch DR is deſcribing ; but not by Virtue of 
any additional Force in the Center, but by ſome extrinſic one, 
no matter what: That is, ſuppoſe that the Line SD turns rounds 


— th 
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the Point S faſter than it would otherwiſe have done, carryin 
the Body with it ſo much the faſter; but that the Body deſcends 
towards S along that Line juſt as it did before: That is, in other 
Words, that the Line DT which repreſents the Deſcent of the 
Body, is of the ſame Length as before ; but that the other Line 
'TR which repreſents the Progreſs of the Body forwards, is longer 
than it was in the other Caſe. Let it then become TQ; in which 
Caſe, the Body moving over the Line DT and the Line TQin 
the ſame Time, will in reality get to the Point Q: But obſere 
that the Point Q is farther from S than the Point R is, becauſe 
the Angle at T 1s a right one ; whereas the Law which we laid 
down above for the Motion of a Body deſcribing a revolyin 
Orb was ſuch, that at the End of the Time in which DR Rar, 
be deſcribed in the quieſcent Orb, the Body in the revolvin 
Orb, ſhould be at the ſame Diſtance from 8 as if its Orb * 
not revolved ; if then round the Point 8, we deſcribe a Circle x; 
RFG, and through 5 draw the Line QG, N mutt be the Point 
the Body muſt come to. Since then the Body in deſcribing the 
revolving Orb without any Addition to the central Force above 
what would cauſe it to deſcribe the quieſcent one, would come 
to Q; but with ſuch an Addition as is neceſſary to make it re- 
volve in the manner above laid down, it comes to N, it is ob- 
vious that the Line QN being the Diſtance between thoſe two 
Points will aptly repreſent that Addition. It remains then to 
get the Meaſure of that Line, which may be done in the fol- 
lowing manner. 

Produce QT to F, then (by 36. El. z.) will the Rectangle 
QN x QG be equal to QRxXQF. Therefore 

| | | IXQG = QRXQF 
Dividing by QG N= 
= Is 

Let it be obſerved then in the firſt Place, that as the Motion 
of revolving Bodies is ſuch that they deſcribe equal Areas in 
equal Times, the longer the Line DS is (that is the nearer D 
is to A, ſuppoſe) the ſhorter the Line TR muſt be, and for the 
ſame Neaſon alſo the Line QT : That is, both TR and QT 
are reciprocally as SD, which let us put thus; 


| | I 
3] TR : 55 
* 4 QT: 55 
Obſerve ſecondly, that ſince RF = 
is a Chord of a Circle, and 


ST perpendicular to it IS | TR = TE 


From 
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From the Figure | 6 | QR = QT— TR 
71QE 


Becauſe RT and TF are equal =0T + TR 

Since then by the 3d and 4th Steps, TR and QT are both 
reciprocally as SD, and by the 6th and 7th Steps, QF is equal 
to the Sum of thoſe Lines, and QR is equal to their Difference, 
it is obvious that QF and QR are alſo each reciprocally as SD, 


I 
which put thus g QF : — 
ET 
And | 9|Q: 55 
Multiplying the 8th and gth 1 R 
Steps together 10 QR * QF : 551 


Obſerve alſo that when the Points D, T, R, Qand N coincide, 
which muſt ever be ſuppoſed, becauſe we are all this Time con- 
ſidering only what 1s done at one and the ſame Point of the Curve 
ADB, QN 1s nothing with reſpe& to NG, therefore QG and 
NG are the ſame Line; therefore QG may be ſaid to be as NG, 
or as half of it, viz. RS, or which will be the ſame Thing, DS; 
therefore inſtead of QG in the 2d Step, we may put DS, and 


then it will ſtand thus | 11 N WP XU 
The 11th Step without alter- | 
ing the Value of it, may be . 
ſet thus 12 QN = QRxQFX 55S 
Comparing the 1oth and 12th. | ' - 
Steps together we have | 3 DS3 58 
FN 
That is | | 144 QN= 5. 


That is, the Line QN, or the additional central Force requiſite 
to cauſe a Body to move in a revolving Orb muſt be reciprocally 
as the Cube of the Diſtance of the revolving Body from the Seat 
of the retaining Power. Whereas then, when the centripetal 
Force decreaſes as the Square of the Diſtance increaſes, the re- 
volving Body deſcribes a Parabola, an Ellipſe, or an Hyperbolaz 
if to that centripetal Force be ſuperadded another, that ſhall 
decreaſe as the Cube of the ſaid Diſtance increaſes ; thoſe two 
Forces acting conjointly upon a revolving Body ſhall cauſe it 
to deſcribe the ſame Figure as before, but the Axis thereof 


| ſhall revolve the ſame Way that the Body does. 


But obſerve here, that if a Force decreaſes faſter in any Degree 
whatever than the Square of the Diſtance increaſes, but ſlower 
than the Cube, that Force is the Sum of two Forces, one of 


which 
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Thus it is the heavenly Bodies, viz. the 
Planets both primary and ſecondary, and alſo 
the Comets, perform their reſpective Revolu. 
tions. The Figures in which the prima 

Planets and the Comets revolve, are Ellipſes, 
one of whoſe Foci are at the Sun. The Are; 
they deſcribe by Lines drawn to the Center of 
the Sun, are in each proportionable to the Times 
in which they are deſcribed. The Squares of 
their periodical Times are to each other as the 
Cubes of their middle Diſtances from the Sun. 
The ſecondary Planets deſcribe alſo Circles or 


which decreaſes as the Square, the other as the Cube of the 
Diſtance increaſes. Thus for Inſtance, let the Diſtances be as 
2 to 1, the Squares of them will be 4 to 1, their Cubes 8 to 1; 
and let the Forces be as 6 to 1 ; Iſay, this Proportion will ariſe 
from adding 4 to 1 to 8 to 1; for 4 to 1 added to 8 to 1, is 12 
to 2, that is 6 to 1. Again, let the Forces be as 5 to 1; I ſay, 
this alſo will ariſe from adding 4 to 1 to 8 to i; for inſtead of 
4 to 1 let us take 12 to 3, which is the ſame Thing; this ſuper- 
added to 8 to 1 makes 20 to 4, that is, 5 to 1. Again, let the 
Forces be as 7 to 1 ; this alſo is the Sum of 4 to 1 added to 8 to 
13 for inſtead of 8 to 1 we may take 24 to 3, which added to 
4 to 1 gives 28 to 4, or 7 to 1. And the ſame for Fractions: 
So that let a Proportion be what it will between 4 to 1 and 8 to 
1, it may be conſidered as arifing from 8 to 1 added to 4 to 1. 
When the retaining Power therefore by which a revolving Body 
is kept in its Orbit, decreaſes faſter than the Square of the 
Diſtance increaſes, but not ſo faſt as the Cube thereof does ; it 
is a Power decreaſing as the Square, having another Power de- 
creaſing as the Cube of the Diſtance ſuperadded to it; and 
therefore as the Propoſition in the Text aſſerts, if the retaining 
Power decreaſes ſomething faſter, &c. Q. E. D. As to the 
Figures turning the contrary Way, when the centripetal Force 
decreaſes ſomewhat ſlower than as the Square of the Diſtance 
increaſes ; that is demonſtrable after the ſame manner, muta! 
mutandis ; and therefore needs not be infiſted on. 

Ellipſes, 
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Ellipſes, one of whoſe Foci are in the Center 
of their primary ones. The Area. that each 
deſcribes by Lines drawn to the Center of its 
Primary, is proportionable to the Time it is 
deſcribed in. The Squares of the periodical 
Times of the Secondaries belonging to the ſame 
Primary, are to each other as the Cubes of 
their Diſtances from their Primary. And above 
all, that very Force by which Stones or heavy 
Bodies fall to the Surface of the Earth with us, 
is at the Diſtance of the Moon, juſt ſufficient 
to retain her in her Orbit, ſuppoſing it to de- 
creaſe as we go from the Center of the Earth 
in that Proportion, in which the Cauſe, that 
retains her and the reſt of the Planets in their 
Orbs, whatever it be, muſt do to make them 
elliptical (/). And farther, which alſo is a 


neceſſary 


J) To find out whether this be fo or not, let us calculate 
what Velocity the Moon would acquire, were ſhe to fall half 
Way to the Center of the Earth by Virtue of that Gravity, 
WH whereby heavy Bodies tend to the Earth; and compare it with 
me Velocity ſhe moves with in her Orbit; becauſe by Lemma 
2. of this Chapter, if ſhe be retained in her Orb by that Gravity, 
WH thoſe Velocities ought to be the ſame. The mean Diſtance of 
1 the Moon from the Earth in round Numbers is 60 Semidiame- 
ers of the Earth; therefore the Force of Gravity at the Diſtance 
{WI of the Moon is the Square of 60 Times leſs than it is at the Sur- 
| face of the Earth ; therefore the Fall of a Body at that Diſtance 
dna Second of Time, will be ſo many Times leſs than it is here; 
but the Fall of a Body here in a Second, is about 15 Paris Feet, 
e conſequently at the Moon it is but ,004166 Feet. The Space 
e en a Body would move over in a Second, with the Velocity 
ee acquired by that Fall, is, by Part I. Chap. 5. $. 7. twice that 
Quantity, wiz. „0083 32 Feet, which Number therefore may be 
pat to expreſs the Velocity a Body would acquire thereby. Now 
becauſe the Velocities Bodies acquire by falling, are as the ſquare 


Roots 
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neceſſary Conſequence of what we are about to 
lay down, the Motion of the Planet Saturn is 
obſerved to be diſturbed by Jupiter; and the 
Secondaries of Jupiter to be diſturbed in their 
Motions upon the nearer Approach of Saturn; 
and the Courſe of the Moon is inceſſantly al. 
tered by the Action of the Sun, in ſuch man. 
ner as to cauſe all thoſe Irregularities mentioned 
in Chapter the 3th of this Part. All which, 
together with the Preceſſion of the Equinoctial 
Points, the Nutation of the Poles of the Earth, 
and the Phænomena of the Tides, which na- 
turally low from it, make it extremely pro- 
bable that there is a Virtue diffuſed about the 
Sun and Planets, not unlike that of Attraction, 
which decreaſes as the Squares of the Diſtances 
from the Centers of thoſe Bodies increaſe, and 
acting upon Bodies in Proportion to the Quan- 


Roots of the Spaces they fall through, Part I. Chap. 5. F. 6. 
ſay, as the Square Root of ,004166, is to the Square Root of 
550866170, which is half the Semidiameter of the Moon's 
Orbit, (ſuppoſing the Semidiameter of the Earth to be 19695539 
Feet, which is Caſſini's Meaſure, and the Diſtance of the Moon 
from the Earth to be 60 Semidiameters above) ſo 15 ,008332 to 
3135 Feet, which is therefore the Space the Moon would move 
over in a Second with the Velocity ſhe would acquire by falling 
half Way to the Center of the Earth. But this comes within an 
hundredth Part of her Velocity in her Orbit, as may eafily be 
calculated from the Time ſhe revolves. in, wiz. 27 Days, 7 
Hours, and 43 Minutes, and the demidiameter of her Orbit, 
which according to the Meaſures we have taken above, 1 
1181732340 Feet. That Force therefore by which Bodies fall 
to the Ground with us, is at the Diſtance of the Moon ſuch as 
is requiſite to direct her Courſe. |; 

NV. B. The Proportion of a Paris Foot to that of England, i 
23 367196 to 343800. 


tity 
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tity of Matter they contain, cauſes the Comets 
and primary Planets to revolve about the Sun, 
and the Secondaries about their reſpective pri- 
mary ones, according to the Tenour of the 
Propoſitions laid down in this Chapter. 

This being allowed, it will follow, that as 
the Sun attracts the Planets, and thereby re- 
tins them in their Orbs, they in like manner 
attract the Sun, though with Forces propor- 
tionable only to the Quantities of Matter they 
contain; ſo that ſtrictly ſpeaking, each primary 
Planet revolves not about the Center of the 
dun, but about a Point which is the Center of 
Gravity between the Sun and that; and that 
e Sun moves alſo round that Point, and is al- 
WW ways oppoſite to the Planet with reſpect there- 
Wt: And likewiſe that the Center of the ſolar 
dyſtem is not in any one Body, but in the 
common Center of Gravity of all the Bodies of 
which it conſiſts. But then the Sun is ſo im- 
menſely large in reſpe& of any one, or all of 
dhoſe Bodies put together, that that Center is 
Joey near the Center of the Sun. In like 
manner, the Moon does not revolve about the 
Center of the Earth as a Point at reſt, but 
che Earth and Moon revolve each about the 
enter of Gravity common to them both, 
r which Center of Gravity it is, and not the 
Center of the Earth, that deſcribes the Orbit 
u Wthe Earth is commonly faid to revolve in. 
And ſo of the other Planets which are attend- 
d by Secondaries. 


The 
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The Irregularities in the Motion of the 
Planet Saturn, and thoſe of the Secondaries ; 
Jupiter, owing to the Cauſe above-mentioneq, 
are ſo exceeding ſmall, that itſhall ſuffice t 
have juſt mentioned them. 

The more remarkable Effects of the diſturb. 
ing Force of the Sun, are the lunar Irregularities 
the Preceſſion of the Equinoctial Points, the Nu- 
tation of the Poles of the Earth, and the ebbing 
and flowing of the Sea, which ſhall be particu- 
larly conſidered in the following Chapter. 


7— —— 


CHAP. A.” 


Of the Lunar Irregularities, he Pre. 
ceſſion of the Equinoctial Points, 
the Nutation of the Poles of th 
Earth, and the ebbing and flowing 
F the Sea. 


J. O account for the lunar Irregularities, 

let S in Fig. 42. repreſent the Sun, 
T the Earth, and LMNO the Orbit of the 
Moon, and let the Moon be in one of its Qus- 
dratures at L, and let the Lines LS and TS be 
drawn. It is obvious, that the Tendency the 
Moon has towards the Sun is along the Line 
LS, and that which the Earth has, is along tht 
Line TS: Let then the former of theſe be 


reſolved into two others, the one along Lt 
; 2 paralle 
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parallel and equal to TS, the other from L 
to T along the Line LT. The former of 
theſe Tendencies being parallel and equal to 
that whereby the Earth tends along the Line 
TS, alters not the Situation of the two Bodies 
Land T with reſpe& to each other; that is, 
it diſturbs not the Motion of the Body L; but 
the other along LT increaſes its Tendency to- 
wards T. 

And this Increaſe will be to the Tendency 
the Moon has to A, which is the ſame the 
Earth has to S, as the Diſtance LT to LA, or 
TS. Or in other Words, the Gravity of the 
Moon towards the Earth in the Quadratures 
is augmented by the Action of the Sun; and 
that Augmentation is to the Tendency the 
Earth has to the Sun, as the Length of the 
Line LT, or the Diſtance of the Moon from 
the Earth, to T'S the Diſtance of the Earth 
from the Sun. 

So that the greater the Moon's Diſtance is 
from the Earth, the Diſtance of the Sun re- 
maining the ſame, the greater will this in- 
creaſe of the Moon's Gravity towards the Earth 
be. But if the Diſtance of the Moon from the 
Exrth remains the ſame, and the Diſtance of 
the Sun be augmented, this additional Increaſe 
will be the leſs in Proportion to the Cube at 
that Diſtance (a). 


Let 

(a) For, if T'S be increaſed while LT remains the ſame, 
LT will be ſo much the leſs with reſpe& to T'S, that is, the In- 
teaſe will be diminiſhed in Proportion to the Sun's Diſtance : 


But 
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Let now the Moon be in one of its Syzygie: ſl 
at M, then will the Tendency ſhe has to the: 
Sun over and above what the Earth has, which; 
is farther off at T, be to that which the Earth 7 
has, as the Difference of the Squares of 8M 
and ST is to the Square of SM : But the Df * 
ference between the Squares of SM and STM ; 
bears nearly ſuch Proportion to the Square of M| , 
SM as twice MT, that is MO, does to SM n 
| becauſe the Difference between the Squares of [ 
two Numbers whoſe Difference is very ſmall f 
with reſpect to either of them (as the Difference 
between SM and ST is with reſpect to the 7 
Diſtance of S) bears little more than double the 5 
Proportion to the Square of the leſſer Number, MW 
that the Difference between the Numbers them-M m 
ſelves bears to the leſſer Number (n). The th 
But when TS the Diſtance of the Sun is increaſed, the abſolute W 
Force of the Sun, and therewith the above-mentioned Increaſe, 
will be diminiſhed alſo in proportion to the Square of that 0 
Diſtance, conſequently taking in both the Accounts, it will 
upon the whole, be diminiſhed in Proportion to the Cube ai thi 
that Diſtance, of 
m) Dem. Let à be the leſſer Number, and a + 6 the larger, 
and let their Difference & bear no ſenſible Proportion to the far 
leſſer a. tra 
The Square of the leſſer 1s — — aa att 
The Square of the larger is — — aa + 2ab + bb | | 
The Difference between theſe is —— 2ab + bb der 
And 4% being rejected as inconſiderable, the * we! 
Difference is only _ 
Now the Proportion of 246 to aa is (taking a 2b ton fan 
out of each Term) — — Te 


But 24 to à, is double the Proportion that once & has to 4, aue 6 
therefore the Difference between the Squares of the two Num- qu 
bers bears little more than double the Proportion to the Squall bet, 


of the lefſer Number, that the Difference between the Num- ( 
bers themſelves bears to the leſſer Number. Q. E. D. 05 
| | Tendenc in 
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Tendency therefore the Moon when at M, has 
to the Sun, over and above what the Earth has, 
is to that which the Earth has, nearly as MO, 
or twice T L, to SM, or becauſe of the Sun's 

reat Diſtance, as twice LT to TS. Her 
Fendency therefore to the Earth is now dimi- 
niſhed in that Proportion : But as was ſhewn 
above, it was augmented in the Quadratures 
In the Proportion only of LT to TS. The 
Diminution here is therefore nearly double of 
the Augmentation there. 

And whereas that Augmentation, when the 
Diſtance of the Sun remains the ſame, was 
ſhewn to increaſe with the Diſtance of the 
Moon; but when the Diſtance of the Moon re- 
mains the ſame, to decreaſe with the Cube of 
the Sun's Diſtance ; this Diminution being al- 
ways nearly double of that, will do the ſame. 

When the Moon is in the other Syzygy at 
O, ſhe is attracted towards the Sun leſs than 
the Earth is by the Difference of the Squares 
of SO and ST; which as to the Effect, is the 
ſame Thing as though the Earth was not at- 
trated at all towards 8, and the Moon were 
tracted the contrary Way, fo that her Ten- 
dency to the Earth is here alſo diminiſhed, as 
well as when ſhe was at M, and almoſt in the 
fame Degree; for on Account of the Sun's 
great Diſtance, the Difference between the 
Squares of SO and ST is nearly the ſame as 
between ST and SM. 

Or becauſe this Way of accounting for the 
Diminution of the Gravity of the Moon to- 

VOL. 11. A a | wards 
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wards the Earth in the Syzygies may not be 
fufficiently clear, it may be conſidered other- 
wiſe, thus. The annual Courſe of the Moon 
round the Sun being performed in the ſame 
Time that the Earth's is, ſhe ought to be re- 
tained in that Courſe by the ſame Force that 
the Earth is; whereas when ſhe comes to M, 
the Action of the Sun upon her is greater than 
it is upon the Earth, by the Difference of the 
Squares of SM and ST; and when ſhe is at 0, 
it is leſs than it is upon the Earth by the Dif- 
ference between the Squares of ST and SO: 80 
that in the former Cale ſhe is drawn too much 
towards the Sun, and in the latter too. little; | 
and therefore in both Caſes her Tendency to- 
wards the Earth is diminiſhed, and almoſt in | 
the ſame Degree; becauſe, as was obſerved | 
above, the Difference of the above-mentioned | 
Squares is nearly the ſame in either Cale. 
Let the Moon be in a Point of her Orbit | 
between the Quadrature and the Syzygy, 33 
at L in Fig. 43. Then being nearer the Sun 
than the Earth is, ſhe will be attracted with a 
{tronger Force: Let it be expreſſed by LS 
produced to D 'till LD be of ſuch Length, 
that T'S being put to expreſs the Action 0i 
the Sun upon the Earth, LD may be long 
enough to expreſs the ſtronger Force of the 
Sun upon the Moon.: And let LD be reſolved 
into two others, one of which let be LA equal 
and parallel to TS, then will the other be 


AD, or its equal and parallel LG, This LG 
is 
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is the only diſturbing Force upon the Moon at 
L, the other LA being parallel and equal to 
TS, affects the Moon juſt as the Sun does the 
Earth; and ſo alters not their Situations with 
reſpect to each other. Let then, to avoid a 
Confuſion of Lines, this Figure with the Line 
LG, be removed to the 44th. This Force 
LG may be reſolved into LI and LH, the one 
a Tangent to the Orbit of the Moon, and the 
other a perpendicular thereto: The former ac- 
celerates the Motion of the Moon when going 
from the Quadrature at Q to the Syzygy at B; 
and will retard it when going from B to R. 
The other when H falls upon TL produced, 
as in this Figure, diminiſhes the Tendency of 
the Moon towards the Earth; and when it falls 
between L and T, it augments it. 

When the Moon is at L between the Qua- 
drature R and the oppoſite Syzygy O, in Fig. 
45. the Tendency of the Moon towards the 
Sun is leſs than that of the Earth; it may then 
be expreſſed by LD a Line ſhorter than TS, 
and is reſolvable into LA a Line equal and 
parallel to T'S and DA, or its equal and pa- 
rallel LG. Which LG is the only diſturbing 
Force, and may, as in Fig. 44. be reſolved 
into two others, one of which ſhall draw the 
Moon towards O, the other to or from T, as 
the Caſe may happen. So that in the firſt Place, 
the nearer the Moon is to its Syzygies, the 
greater will be its Velocity; and the nearer it 
is to the Quadratures, the ſlower it will move; 

Ada becauſe 
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becauſe one of the Forces into which LG is 
reſolvable (as LI in Fig. 44.) accelerates its 
Motion from the Quadratures to the Syzygies; 
and retards it as much from thence to the Qua- 
dratures. Which is the firftl Irregularity (u). 

2. When the Moon is in the Quadratures as | 
at L or N, or in the Syzygies as at Mor O, 
ſee Fig. 42. the diſturbing Force is directed to 
or from the Center of the Earth; and there- 
fore when the Moon is paſſing thoſe Points it 
is no Impediment to her deſcribing Areas pro- 
portionable to the Times ; but when ſhe is at 
L in Fig. 44, or 45. where the diſturbing 
Force is expreſſed by LG, only one of the 

Lines into which it is reſolved, as LH, points 
to or from the Center of the Earth, the other, 
as LI, pointing another Way, prevents her de- 
{icribing Areas proportionable to the Times. So 
that it is only in the Quadratures and Conjunc- 
tions, that the Areas are proportionable to the | 
Times. Which 1s the ſecond Irregularity. 

3. The Motion of the Moon being accele- 
rated during her Progreſs from the Quadratures 
to the Syzygies, and retarded from thence to 
the Quadratures, her Motion in the Syzygies | 
is too quick, in the Quadratures too flow: | 
Add to this, her Tendency to the Earth is in 
the former Situation too ſmall, in the latter 
too large: Both which conſpire to render her | 
Orbit more curved in the Quadratures than in 
the Syzygies, ſo that ſhe runs off farther from 


(*) See the Lunar Irregularities enumerated in has at 
| the 
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the Earth in the Quadratures, and comes nearer 
in the Syzygies than ſhe would otherwiſe do, 
deſcribing an Orbit, one of whoſe Axes, vig. 
that which paſſes through the Quadratures, is 
longer than that which paſſes through the 
Syzygies. Which is a third Irregularity. 

4+ The Gravity of the Moon towards the 
Earth in the Syzygies being about twice as 
much diminiſhed by the Action of the Sun, as 
it is augmented in the Quadratures; if we take 
a whole Reyclution together, it may be con- 
fidered as diminiſhed only. In the Perihelion 
therefore, at which Time the Earth and Moon 
are neareſt the Sun, it will be diminiſhed the 
moſt of all; that Diminution (as ſhewn above) 
being inverſly as the Cube of the Sun's Diſ- 
tance; and ſo the Gravity or Tendency of the 
Moon to the Earth will be the leaſt. On which 
Account ſhe will run out into a greater Orbit ; 
and ſo her periodical Time will be greater, 
than when the Earth is in its Aphelion. M pich 
i a fourth Irregularity. . 

5. When the Moon is in the Quadratures, 
the Action of the Sun (as ſhewn above) in- 
creaſes the Tendency of the Moon to the Earth 
in Proportion to her Diſtance from thence, this 
Force ſuperadded to the Action of the Earth 
upon the Moon, which decreaſes as the Square 
of the Diſtance increaſes, occaſions that Force 
to decreaſe as you go from the Earth, lower 
than it would otherwiſe do; or which is the 
lame Thing to increaſe ſlower as you go the 
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other Way. But by Prop. y. of the foregoing 
Chapter, when a retaining Power decreaſes or 
increaſes lower than the Square of the Diſtance 
increaſes or decreaſes, and the Planet deſcribes 
an Ellipſe, the Linea Apfidum of that Planet 
will go backwards; the Linea Apfidum there- 
fore of the Lunar Orbit, when ſhe is in the 
Quadratures goes backwards: When the Moon 
1s in the Syzygies the Action of the Sun dimi- 
niſhes her Tendency towards the Earth, and 
thereby make it decreaſe as you go from, or 
increaſe as you go to the Earth, too faſt ; and 
fo the Linea Apfidum at that Time goes for- 
wards. But the Diminution in the Syzygies 
exceeds the Augmentation in the Quadratures, 
and ſo the Linea Apfidum goes farther forwards 
than backwards every Time, till at Length it 
revolves quite round according to the Order of 
the Signs. Which is a fifth Irregularity. 

6. When the Gravity by which a Planet 1s re- 
tained in an Orbit that is excentrical, decreaſes 
or increaſes f faſt, the Planet when going off 
from the Seat of the retaining Power, that is, 
towards its upper Apis, will go off too far; 
and when it is coming to its lower Apfis, it 
will approach too near; and ſo the Excen- 
tricity of its Orbit will be increaſed. When 
its Gravity decreaſes or increaſes too flow, the 
Planet will not in the former Caſe go off far 
enough, nor come ſo near to the Seat of the 
retaining Power in the latter, as it ought to do, 
in this Caſe therefore, the Excentricity 5 

8 Orbit 
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Orbit will be diminiſhed. But the Tendency 
of the Moon to the Earth when in the Syzy- 
gies, decreaſes or increaſes too faſt, the Excen- 
tricity of her Orbit is therefore at that Time 
the greateſt; and on the contrary it is the leaſt 
when ſhe is in the Quadratures. And if we 
compare ſeveral Revolutions of the Moon to- 
gether, we ſhall find, that when the Linea 
Apfidum is in the QQuadratures, the Excentri- 
city of the Lunar Orbit will be the leaſt of all; 
becauſe in that Situation of the Linea Apſidum, 
theDifference between the Tendency the Moon 
has to the Earth in one of the Apſes, and that 
which it has in the oppoſite one, 1s the leaſt of 
all: Whereas when the Linea Ap/idum is in 
the Syzygies, that Difference will be the great- 
eſt; and therefore the lunar Excentricity will 
be ſo too. Which is the fixth Irregularity. 


7. We have hitherto been conſidering ſuch 
Irregularities in the Courſe of the Moon as 
would happen if its Orbit were coincident with 
the Plane of the Ecliptic : But as it is not ſo, 
there will ariſe others; in order to account for 
which, it will be proper to premiſe the follow- 
ing Conſiderations. 

Firſt, That when the Line of the Nodes is 
in the Syzygies, the Plane of the Moon's 
Orbit paſſes through the Center of the Sun as 
well as through that of the Earth, and fo the 
Moon in that Situation of the Nodes, is not 

Aa 4 drawn 
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drawn out of the Plane of her Orbit by the of 


Sun. ne 
Secondly, That when the Line of the Nodes M 
IS in any other Situation, and the Moon not de 


in one of the Nodes, ſhe is continually drawn 
out of the Plane of her own Orbit, on that 
Side on which the Sun lies. For Inſtance, if 
the Plane of her Orbit produced paſſes above 
the Sun, the Sun draws her downwards; if on 
the contrary, the Plane of her Orbit produced 
paſſes below the Sun, it draws her upwards, 
From theſe two Conſiderations it follows, 
that when the Line of the Nodes is not in the 
Syzygies, and the Moon having paſſed either 
of the Nodes, has got out of the Plane of the 


Ecliptic on either Side of it, the Action of the he 
Sun occaſions the Moon to return back to the tu! 
Plane of the Ecliptic ſooner than ſhe otherwiſe un 
would do; but where the Moon enters that If 
Plane, thers is the next Node; ſo that each of 
Node does as it were come towards the Moan, rif 
meeting her Part of the Way. And the i a+ 
nearer the Line of the Nodes is to the Qua- A0 
Cratures, the greater is this Effect, becauſe in WF all 
that Caſe the Sun is the fartheſt of all from IE {ar 
the Plane of the Lunar Orbit produced. 50 
that the Line of the Nodes goes backwards Inc 
the faſteſt of all, when it is in the Quadra- the 
tures; and not at all in the Syzygies. Which T! 
zs the ſeventh Irregularity. | Or 
8. Again, when the Nodes are in the Qua- | 
dratures, and the Moon has lately paſſed one Sy: 


of 
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of them, and is approaching that Syzygy that is 
next the Sun, the Action of the Sun upon the 
Moon prevents her aſcending ſo far; that is, 
departing ſo far from the Ecliptic as ſhe other- 
wiſe would do; and ſo diminiſhes the Inclina- 
tion of her Orbit tothe Ecliptic: And as ſhe goes 
on to the next Quadrature, by haſtening her 
Deſcent to the Ecliptic, it occafions the Moon 
to croſs it in a larger Angle than ſhe would 
otherwiſe do; and ſo increaſes the Inclination 
of the Orbit as much as it diminiſhes it before. 
And, for the ſame Reaſon, while the Moon 
paſſes from that Quadrature to the oppoſite Sy- 
:ygy, the Action of the Sun decreaſes the In- 
clination of her Orbit, and increaſes it again in 
her Paſſage from thence to the next Quadra- 
ture. All which needs no farther Illuſtration, 
unleſs the following Inſtance may be of Uſe. 
f you toſs a Stone up into the Air, the Action 
of the Earth upon the Stone prevents it from 
filing ſo high as it would otherwiſe do; and if 
a Stone be thrown down obliquely, the ſame 
Action by bending its Courſe towards the Earth 
all the Way, makes it ſtrike the Earth in a 
larger Angle than it would otherwiſe do. 

When the Nodes are in the Syzygies, the 
Inclination of the lunar Orbit to the Plane of 
the Ecliptic is neither increaſed nor diminiſhed: 
The Sun being then in the Plane of the Moon's 
Orbit produced. = 

But while the Nodes are paſſing from the 
Syꝛygies to the Quadratures, the Inclination 


of 


| 
| 
| 
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of the Moon's Orbit to the Plane of theEcliptic, 
is diminiſhed in every Revolution of the Moon; 


and while they are paſſing from thence to the 


Syzygies, it is continually increaſing. So that 
the Inclination of the lunar Orbit is the greateſt 
of all when the Nodes ate in the Syzygies, and 
leaſt when they are in the Quadratures. Which 
15 an eighth Irregularity. But this requires 
particular Explanation. 

Let then S in Fig. 46. repreſent the Sun, 
NFDG the Plane of the Ecliptic, QR the 
Quadratures, and MO the Syzygies. And let 
N LDI be the Orbit of the Moon; and ſup- 
poſe the Nodes at N and D in the Middle 
between the Syzygies and the Quadratures. 
Farther, let there be a Point H in the Ecliptic 
oppoſite to the Point S, and let the Orbit 
NLDI be. fo inclined to the Plane ef the 


Ecliptic, that if it were extended every Way, it 


would pats above S and below H. Then be- 
cauſe when the Moon is nearer the Sun than 
the Earth is, ſhe is attracted towards the Sun 
more than the Earth is; and when ſhe is facther 


off, the Earth is attracted more than ſhe is, in 


which caſe ſhe is therefore as it were attracted 
the other Way; let us imagine a Sun at 8, and 
another at H; and let it be remembered that 
the Orbit of the Moon produced, paſſes above 
S and below H: And let the Moon be aſcend- 
ing from N towards L. Then the Attraction 


here being towards S, and the Orbit produced | 


being above S, it is obvious that the Moon will 
| Not 
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not rife ſo high as L, but will paſs to A, a 
Point between L and F, deſcribing the Curve 
NA, fo that the Inclination of the lunar Orbit 
js perpetually diminiſhed, while the Moon is 
paſſing over go Degrees from the Node N, it 
being a Quarter of a Circle from N to A. To 
woid Confuſion in the Figure, let us ſappoſe 
that the Moon came to L. In going from 
thence to the next Quadrature at E, which is 
45 Degrees, the Attraction of S prevails ſtill, 
becauſe the Moon is as yet nearer to S than 
the Earth is; and therefore as the Orbit pro- 
duced 1s above S, and the Moon going down- 
wards, the Attraction of S haſtens her Deſcent, 
and ſo makes her deſcribe the Curve LC inſtead 
of LB, which if produced would make with 
the Plane of the Ecliptic, a larger Angle than 
her Orbit LB does at D; in going over this 45 
Degrees therefore the Inclination of her Orbit 
is increaſed. Let us now ſuppoſe her going 
from B towards D; the Attraction here lies 
towards H, becauſe ſhe is now paſt the Qua- 
drature; and ſhe is tending to a Point below 
H; I therefore attracts her upwards, makin 

her deſcribe the Curve BE, inſtead of BD, 
which is about 45 Degrees mote, and makes a 
leſs Angle with the Plane of the Ecliptic, than 
BE does: Not that E falls beyond D, it only 
happens fo in the F igure, becauſe we ſuppoſed 
the Moon to move from L and B inſtead of A 
and C. Upon the whole therefore, while ſhe 
moyes from N to D, the Inclination of het 


Orbit 
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Orbit is diminiſhed during three Parts out of 
four of her Paſſage. In like manner it is di- 
minithed by the Attraction of H, while ſhe 
deſcends from D to I, and augmented by the 
fame Attraction in going from thence to K, and 
| diminiſhed again between K and N. Add to 
this, that while the Moon moves from N to L, 
or from D to I, the diſturbing Force, whether 
of S or H, is much more conliderable than it 
is when ſhe is between L and D, of I and N; 
becauſe in the former Caſe, the Difference be- 
tween her Diitance from the Sun, and that of 
the Earth from the ſame, is greater than it is in 
the latter. While the Nodes therefore are be- 
tween M and R, and O and Q; that is, while 
they are paſſing from the Syzygies to the Qua- 
dratures, the Inclination of the lunar Orbit is 
continually diminiſhing. 

For though we have ſuppoſed the Nodes 
equally diſtant from the Quadratures and Sy- 
Zygies, the like Effects will happen, though 
different in Degree, when they are nearer to 
the one than to the other; as is caly to 
imagine. | 

Let now the Nodes be in the mid Way, be- 
tween Rand O, and Q and M, ſee Fig. 47. and 
let the lunar Orbit produced paſs above 8 and 
below H as before, and let the Moon be aſcend- 
ing from the Node D towards B. She being 
there in the Power of H, and moving in a Plane 
which if produced paſſes below H, will be at- 
tracted upwards thereby, ſo as to en che 

Ine 
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Line DC inſtead of DB; by which means the 
Inclination of her Orbit will be increaſed. In 
going from thence to I, ſhe is in the Power of 
5, which lies below her Orbit produced, and fo 
her Aſcent will be diminiſhed, and ſhe will go 
to A, inſtead of I ; whereby the Inclination of 
her Orbit will be leſſened ; and afterwards as 
ſhe deſcends towards N ſhe will be attracted 
downwards all the Way coming to E inſtead of 
N; by which means the Inclination of her 
Orbit is again increaſed. So that upon the 
whole it is increaſed three Parts out of four of 
her Paſſage from Node to Node ; for the like 
will hold in her Paſſage through the other Part 
of her Orbit, and as well when the Nodes are 
not in the Middle between the Quadratures and 
the Syzygies, as when they are, except in Point 
of Degree. And for the Reaſon mentioned in 
the other Caſe, the Force which augments the 
Inclination of the Orbit, is ſuperior for the 
Time being, to that which diminiſhes it. 
While the Nodes therefore are paſſing from 
the Quadratures to the Syzygies, the Inclina- 
tion of the Moon's Orbit to the Plane of the 
Ecliptic is continually increaſing. Which is 
what remained to be made out. 
All theſe Irregularities are greater when the 

Earth is in its Perihelion, than when it is in its 
Aphelion, becauſe as was obſerved above, the 
Effect of the Sun's Action whereby they are 
produced, in inverſly as the Cube of its Dif- 
tance from the Earth. They are alſo greater 

when 


382 The Preceſſion, &. Part ly. 


when the Moon is in Conjunction with the 
Sun, than in Oppoſition for the ſame Reaſon; 
for the Earth and Moon taken together, ate 
nearer the Sun in the former Situation of the 
Moon, then they are in the latter. 


II. Let us now imagine that the Circle NLD] 
is a ſolid Ring like that of Saturn, and that i 
moves round its Center T the fame Way the 
Moon does round the Earth ; it is obvious that 
every Point of this Ring, will endeavour to 
put on the fame Motion that we have ſhewn 
the Moon to do : That 1s, that every Point in 
its Paſtage from N to L, will endeavour to 
move in the Line NA, (tee Fig. 46.) every 
Point between L and B, will endeavour to 
deſcribe the Curve LC, and every one between 
B and D, the Curve BE; and the like for Fig. 
47. So that the Ring as to the Motion of its 
Nodes, and its Inclination to the Plane in which 
its Center moves, will be affected in the ſame 
manner that the Orbit of the Moon 1s; and 
therefore its Nodes, when in the Syzygies, wil 
ſtand ſtill, and its Inclination to the Plane of the 
Ecliptic wil be the greateſt: In all other Situa- 
tions the Nodes will go backwards, and faſtel 
of all when an the Quadratures, at which Time 
the Inclination of the Ring will be the leaſt. 

Let us now ſuppole that there 1s a Redun- 
dancy of Matter ſurrounding the Earth in the 
equatoreal Parts thereof; or in other Words, 


that the Earth is an oblate Spheroid, having 
; It 
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its equatoreal Diameters longer than that which 
paſſes through the Poles, as we ſhall ſhew it to 
be in the next Chapter. This Redundancy of 
Matter, will, like a Ring ſurrounding the Earth 
and fixed to it, endeavour to put on the above- 
mentioned Motions, and thereby communicate 
them to the Earth itſelf. The equinoctial Points 
therefore which anſwer to the Nodes of the 
Ring, when they are in the Syzygies, that is, at 
the Equinoxes, will ſtand ſtill, and the Incli- 
nation of the Equator to the Plane of the 
Ecliptic will be the greateſt; in all other Situa- 
tions they will go backwards, and faſteſt of all 
at the Summer and Winter Solſtices, at which 
Times they are as it were in the Quadratures 
with the Sun ; and then the Inclination of the 
above-mentioned Plane will be the leaſt. 


III. From hence it follows, that the Axis 
of the Earth, being perpendicular to the Plane 
of the Equator, changed therewith its Inclina- 
tion to the Plane of the Ecliptic twice in every 
Revolution of the Earth about the Sun. For 
Inſtance, it increaſes while the Earth is moving 
from the Solſtitial to the Equinoctial, and di- 
miniſhes as much in its Paſſage from the Equi- 
noctial to the Solſtitial Points. Which Phæno- 
menon is called the Nutation of the Poles. 


IV. Another Phænomenon and of the ſame 
kind with the lunar Irregularities, is the ebbing 
and flowing of the Sea; only, as thoſe ariſe 

from 
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from the Action of the Sun upon the Moon, 


this is owing to the Influence both of the Sun 


and Moon upon the Waters of the Ocean 
and is to be accounted for upon the ſame 
Principles, after the following Manner. 

Let the Point L in Fig. 48. repreſent the 
Moon, MNOP, the Earth, whoſe Center i 
C. And let G be the common Center «ff 
Gravity of the Moon and the Earth. Which| 
latter let us ſuppoſe ſurrounded with Water to 
a great Depth. Then, according to what w 
obſerved at the End of the laſt Chapter, the: | 
two Bodies continually revolve about the Point 
G, the Point M deſcribing the Circle AB; 
the Point C, the Circle NP; and the Point O, 
the Circle EF; and all in the fame periodical 
Time; conſequently by Propoſition the third 
of the foregoing Chapter, the Forces they re- 
quire to retain them in thoſe Circles ought to 
be to each other as their Diſtances from the 
Point G: That is, as GM, GC and G0. 
Conſequently the Point O, which for Diſtinc- 
tion ſake we will call the Nadir, requires 2 
greater Force than the Center C; and the} 
Center, a greater Force than the Point M, 
which we will call the Zenith. Now theſe 
Points are retained in thoſe Circles by the 
Moon at L, conſequently the Nadir which 
requires the moſt, is attracted the leaſt, 2 
being fartheſt off; and the Zenith which te. 
quires the leaſt, being the neareſt, is attracted] 


. . . | 
the moſt ; that is, the Nadir is attracted 4 
| litile, 


— — . E ‚—¹ 


Chap. XIX. of the Sea. 33%; 


little, and the Zenith too much : The obvious 
Conſequence of which is, that the Water both 
in the Zenith and Nadir, will endeavour to 
leave the Center C; or, in other Words, will 
loſe Part of its Weight. But the Water at N 
and P will have its Weight augmented, juſt 
as the Tendency of the Moon at L (in Fig, 
42.) towards T was ſhewn to be augmented 
by the Action of the Sun at 8. So that the 
Water at N and P will be heavier than an 
equal Quantity at Mor O. And conſequently 
the Surface of the Waters at N and P will 
int ſubſide, and that at M and O will riſe, till 
B; the Equilibrium be reſtored. On which Ac- 
O, count, the Form of the Earth, or rather the 
cal Sea, will become an oblong Spheroid or Oval, 
ird as repreſented by NKMH, in Fig. 49. whoſe 
re- longer Axis produced paſſes through the Moon 
toll at L. As therefore the Moon turns round the 
the Earth once a Day, this Oval of Waters turns X 
0. with her, occaſioning thereby the two Floods — 
ne- and Ebbs obſervable in each 25 Hours: Or to 
s % ſpeak more accurately, the Oval of Waters 


the keeps Pace with the Moon in her Monthly 
M. Courſe, while the Earth in the mean Time, 
heſe by its Rotation about its Axis, carries each 
the Part of its Surface from Ebb to Flood, and 
nich from Flood to Ebb continually. | 7 


* 
re- 
ed | 
00 
itile, 


And as the Moon thus raiſes the Water in 
one Place, and depreſſes it in another, the 
Sun does the ſame; but in a much leſs De- 
gree, on Account of the ſmall Proportion the 
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to the Diſtance of the Sun, which Relation 


oli them endeavours to raiſe are in the ſame 
at thoſe Times. Whereas when the Moon is 


the Meridian when the Moon is in the Hori- 
zon, depreſſes the Water where the Moon 
raiſes it, on which Account, the Tides are 
then (ceteris paribus) the leaſt of all. 


about the Equinoxes, at which Time the Lu- 


ſhould not perceive any Tide at all: Secondly, 
the equaturcal Diameter of the Earth produced 
Paſſcs through the Moon, which Diameter 1s 


Semidiameter of the Earth bears to the vaſt 


Diſtance of the Sun; for, as was ſhewn of 
the Moon, the Force of the Sun whereby it 
diſturbs her Motion, was proportionable to the 
Rclation the Diſtance of the Moon from the 
Earth bears to that of the Sun from the 


ſame, which in the Caſe before us, is the 
Relation the Semidiameter of the Earth bears 


is very {mall. 
hen the Moon is in Conjunction or Op- 
poſition with the Sun, the Tides which each 


Place, which is the Reaſon they are ſo large 


in the firſt or laſt Quarter, the Sun being in 


On the full and new Moons, which happen 


minaries are both in the Equator or near it, the 
Tides are the greateſt of all, on the three fol- 
lowing Accounts: In the firſt Place, the two 
Eminences of Water are at the greateſt Diſtance 
from the Poles, and ſo the Difference between 
Ebb and Flood is more ſenſible ; for if thok 


Eminences were at the Poles, it is obvious we 


longer 
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longer than others, and ſo there is a greater 
Dilproportion between the Diſtances of the 
Zenith, Center and Nadir, from the Center of 
Gravity of the Earth and Moon, than at other 
Times: Thirdly, the Water riſing higher in 


the open Seas, it ruſhes to the Shores with 


greater Force, where being ſtopped, it riſes 
higher {till ; for it not only riſes at the Shores 
in Proportion to the Height it riſes to in the 
open Seas, but alſo according to the Velocity it 
flows with from thence againſt the Shore. The 
Reaſon why the Spring Tides, which happen a 
little before the vernal and after the autumnal 
Equinox, viz. in February and October are the 
greateſt, is becauſe the Sun is nearer the Earth 
in the Winter than in the Summer, and fo the 
Tides, which otherwiſe would be the greateſt 


| at the Equinoxes, are fo, a little before the 


1 
. 
2 


former, and as much after the latter. 


We have hitherto conſidered the Tides in 
general; we muſt now ſee what happens as to 
Places of different Latitudes, All which will 


be eafily underſtood by the help of the 49th 


Figure: In which let AFD repreſent the Earth 
whoſe Center is T, the Poles P and O, this 
the South; the other the North Pole; E EQ th: 
Equator, and the Circles FH and KD two 
Parallels of it, the laſt on the North Side of it, 
and the firſt on the South Side of it. Let the 
Fluid furrounding the Earth, form itſelf into 
an oblong Spheroid; whoſe longer Axis HK 

B b 2 produced, 
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produced, paſſes through the Moon at L. The 
right Lines TK or TH will repreſent the 
greateſt Height of the Water, reckoning from 
the Center, and ſuppoſing NM perpendicular 
to KH, TN or TM will denote the leaſt, and 
will repreſent the Height of the Water in all 
Parts of the Globe through which that Circle 
NM paſſes. The right Lines TE, TF, TO, 
and TD, ſuppoſing them drawn, will ſhew the 
Height of the Water in the reſpective Places 
E, F, Q and D. Let us now conſider a Place, 
which by the diurnal Motion of the Earth, 
deſcribes the Parallel KD: When this Place is 
at K, the Height of the Water 'TK, is the 
greateſt ; that is, it is high Tide or Flood when 
the Moon L is in the Meridian ; but afterwards. 
in the ſame Place, the Height of the Water is 
the leaſt, when the Place is come to X, and 
again it is Flood when the Place is come to D. 
But becauſe TK is greater than TD, in the 
preſent Cafe when the Moon is on the North 
Side the Equator, the Height of the Sea will 
be greater, when the Moon is in that Part of 
the Meridian which is above the Horizon, 
than when it is in that which is below it. 
Likewiſe TH is greater than TF, and there- 
forc in a Place which lies under the Parallel 
FH, or on the other Side the Line, the. 
greateſt Height of Water that happens when 
the Moon is on that Side, is alſo when ſhe is 
in that Part of the Meridian that is above the 
Horizon of that Place. Hence it is, vol the 

| Moon 
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Moon in the Northern Signs makes the greateſt 
Tides on our Side the Line, when ſhe is above 
the Earth; and in the Southern Signs when 
ſhe is below it. But on Account of that libra- 
tory Motion of the Waters, by which they 
thus riſe and fall alternately, and which would 
continue ſome Time, although the Sun and 
Moon ſhould ceaſe to act, the Difference be- 
tween thoſe Tides which happen when the 
Moon is above and below the Horizon, is not 
ſo great as it would otherwiſe be; and the 
higheſt Spring Tides are not exactly in the 
new and full Moans, but happen generally 
three or four Tides after them, and ſometimes 
later : Becauſe when the Luminaries come to 
act more forcibly than ordinarily, as being in 
Conjunction or Oppoſition, the Waters will 
librate back wards and forwards ſeveral Times, 
before they arrive at their greateſt Height. 
Things would be thus, if the Globe of the 
Earth were wholly covered with Water of a 
ſufficient Depth, but the Continents which 
ſtop the Tide ; the Straights, and the Shoalneſs 
of the Sea in ſome Places, which are Impedi- 
ments to the free Courſe of the Water, cauſe 
many Exceptions to what has been laid down; 
and in particular, that even in the open Ocean 
the Time of high Water is not, when the 
Moon comes to the Meridian, but always ſome 
Hours after it. But to be particular in ſach 


_ Circumſtances is not the Deſign of this 


Treatiſe. . See more in Philoſoph. J. ranſact. 
B b 3 No. 220, 
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No. 226. However, there is one Thing, 
which becauſe I don't find it taken Notice of 
by others, I ſhall juſt mention; and that is, 
that at both the Summer and Winter Solſtices, 
there ought to be but one Tide in 24 Hours 
within the arctic and antarctic Circles; to 
ſhew this, let KD be the Tropic of Cancer, 
and let the Sun and Moon be perpendicular 
over a Point of that Tropic, as at L: Then as 
obſerved before, there will be an Ebb at N, 
but becauſe NPK is a Quarter of a Circle, N 
will be a Point of the arctic Circle, and the 
high Water under that Circle will be at A, 

| the Point oppoſite to N; fo there will be but 
one Flood and one Ebb 1 in 24 Hours Time: 

And os is obvious enough, the ſame will 
happen in all Places within that Circle, except 
at 2 Pole itifelf, where there is no Tide at 
all. The ſame Things will alſo happen at the 
other Solſtice, when the Luminaries are in the 
Tropic of Capricorn. And in thoſe Parallels 
which lie between the above- mentioned Circles 
and the Equator, each Ebb will be nearer the 
Time of the leſſer Flood, than it will be to 
that of the greater. Thus, in the Parallel KD, 
the Ebbs will be at X, and in the Parallel FH, 
at V, which Points are nearer to F and D the 
leſſer Heights of the Water, than to H and K 
the greater ones. The Reaſon it does not 
happen exactly in this Manner, at leaſt not. in 
Point of Degree, 1s that Riling and Falling or 
Libration of Waters mentioned above, by 


| which 
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vhich the Ebbs and Floods of each Place are 
rendered leſs unequal than they ought, ac- 
cording to the goes, ns to be. 


. - » - - * ry 
< - —— 
FI 
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C HAP. xx. 
Of the Figures of the Heavenly Bodies. 


HEREAS the Heavenly Bodies do 

not conſiſt wholly of ſolid Matter, but 
are in all Probability partly fluid and partly 
ſolid, like our Earth, or at leaſt were fo at firſt ; 
thoſe which have no Motion about their Axes, 
if ſuch there be, will, from the mutual Gra- 
vity and Attraction of their Parts among them- 
ſelves, ſettle into a ſpherical Form. But as to 
ſuch as revolve about th-ir Axes, all their Parts 
will endeavour to recede from the Axis of their 
Motion, and thereby the equatoreal Parts where 
the Motion is the quickeſt, will tend leſs to- 
wards the Center than the reſt; their Endea- 
vour to fly off from the Axis about which they 
revolve, taking off Part of their Tendency that 
Way; fo that thoſe Parts will become lighter 
than ſuch as are ncarer the Poles. The polar 
Parts therefore will preſs in towards the Center, 
and raiſe the equatoreal Parts, till the Quantity 
of Matter in the latter is ſo far increated, as. 
to compenſate for its Lightneſs, and an Equi- 
librium be reſtored. On which Account, the 
Form they will aſſume, will be that of an oblute 
Spheroid, whoſe ſhorter Axis paſles thro' the. 

TT B b 4 19 Poles: 
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Poles. And other Circumſtances remaining the 
ſame, the faſter the Bodies revolve, the more 
oblate or flat will their Form be; accordingly 
the Axis of the Planet 2 which Planet 
turns round its Axis in leſs than 10 Hours, is, 
as appears from the Obſervations of Mr. Flam- 


flead and Monſ. Caſſini, no greater with reſpect 


to the Diameter of its Equator, than in the 
Proportion of ſeven to eight. 

By Virtue only of the Rotation of the Earth 
about its Axis, the Weight of Bodies at the 
Equator is leſs than at the Poles, in the Pro- 
portion of 288 to 28g; that is, a Body which 


at the Poles would weigh 289 Pounds, would, 


if carried to the Equator, loſe by Virtue of the 
centrifugal Force alone, 1 Pound of its Weight, 
and ſo weigh but 288 Pounds. From hence 
ariſes, as obſerved above, a ſpheroidical Form 
of the Earth, and from that ſpheroidical Form 
ariſes another Diminution of Gravity at the 
Equator, by which, if the Earth were homo- 
genious throughout, Bodies at the Equator 
would loſe one Pound in 1121, and ſo on both 
Accounts taken together, the Gravity of Bodies 
at the Poles would be to the ſame at the Equa- 
tor as 230 to 229 (2). From whence, þ we 

ſuppoſe 


(2) To calculate this, let us ſuppoſe the Semidiameter of the 
Earth to be 19695539 Paris Feet; which on account of tho 
vaſt Diſtance on the Surface of the Earth Caſſini took in mea- 
ſuring it, Sir //aac Nexvion makes uſe of. Since then the Earth 
turns round its Axis in 23 Hours, 56 Minutes and 4 Seconds, a 
Body at the Equator moves thro? 1436, 223 Fcet in a Second: 
But the centrifugal Force of a Body revclving in a Circle is equal 
to the centripetal Force, which would be requiſite to retain it in 
| that 
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that Circle, and the Space a Body would fall through in a Se- 
cond, hy Virtue of that centripetal Force, is {ria XVII. 
Lemma r. equal to the Square of the Arch deſcribed in a Second, 
divided by the Diameter of the Circle, that is, in the preſent 
Caſe to ,0523 Feet, or 7,54064 Lines. Now the Space a Body 
falls thro” at Paris, by Virtue of the Gravity there, is 15 Feet, 
1 Inch and 255g Lines, or 2174,055 Lines. Therefore the cen- 
triſugal Force at the Equator is to the Gravity at Paris as 
7,54064 to 2174,055. But Bodies do not fall at Paris, by the 
whole Force ef Gravity, or as they would do at the Poles of the 
Earth, becauſe they are in ſome Meaſure prevented by the cen- 
trifugal Force there, We mutt therefore compute how much 
that centrifugal Force 1s, and add it to their Gravity at Paris, to 

find what it is at the Poles. Which may thus be performed. 
Let EPO in Fig. 50. repreſent the Earth, PP its Poles, EQ 
its equatoreal Diameter. Let A repreſent any Point between the 
Equator and the Poles, and parallel to the equatoreal Diameter 
EQdraw the Line AH, then (centripetal and centrifugal Forces 
being equal as obſerved above in Chap. XVIII. and EC and 
AH being Radu of the Circles which the Points E and A de- 
ſcribe, while the Earth revolves about its Axis PP) the centri- 
fugal Force at E will by Prop. 3. of that Chapter be to that at 
A, as the Radius EC, or which 1s very nearly the ſame, as AC, 
to AH. But a Body at A is not thrown off by Vartue of this 
centrifugal Force directly from the Center of the Earth, but 
from H along the Line HA produced. Let then AB repreſent 
that Force, which becauſe it does not tend directly from the 
Center, let it be reſolved into two others, vun. BN and AN; 
the former perpendicular to the Radius, the latter coincident 
therewith : It is by this latter Force only that the Gravity of a 
Body at A is diminiſhed. But the centrifugal Force at the 
Equator was ſhewn to be to that other Force along the Line 
AB, as AC to AH, and that other is to the Force along AN ag 
AB to AN, which becauſe of the fimilar Triangles ABN and 
ACH is alſo as AC to AH, therefore the centripetal Force at 
the Equator is to that at A, ſo far as it diminiſhes the Gravity of 
Bodies there, as AC to AHA; that is, becaui- AH is the Co- 
ine of Latitude of the Place A, as the Square of the Radius to 
the Square of the Co- ſine of the Latitude of the Place where 
the Body is. Now the Latitude of Paris is 48 Degrees and 50 
Minutes, the centrifugal Force therefore at the Equator is to that 
at Pari:, as the Square of th» Radius to the Snuare of the Co- 
une of that Latitude, that is, as 7,5 4064. Lines to 3.267. Add 
this to 2174,055 the Gravity by which Bodies deſcend at Paris, 
and we have 2177,322 for the Gravity they fall with at the 
Pcles : Which Number is to 7,540 the centifugal Force at the 
Equator, 
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ſuppoſe the Gravity of Bodies within the Earth 
to be directly as their Diſtance from the Center, 
as it was ſhewn to be in Part I. Chap. 3. F. 8. 
thoſe Numbers will alſo expreſs the Relation 
between its polar and equatoreal Diameter (o). 

* This 


Fquator, as 289 to 1. So that the Gravity at the Poles is to 
the Gravity at the Equator, ſo far as it is diminiſhed in this 
latter Place by the Rotation of the Earth about its Axis, in the 
Proportion of 289 to 288. But this is not all: For it may be 
athered from what Sir 1/aac Negoten has demonſtrated in his 
Princitia, Book I. Sect. 13. where he treats of the attractive 
Forces of Bodies not ſpherical (tho? by a tedious and intricate 
Calculation too long to be inſerted here) that ſuppoſing tlie Earth 
to be an oblate Spheroid, ſuch as we ſhall determine by and by, 
and homogeneous throughout, a Body at the Poles even when the 
Earth is at Reſt, would be heavier than the ſame at the Equator 
in the Proportion of about 1121 to 1120. The Weight of a 
Body therefore at the Poles, when the Earth revolves about its 
Axis, is to the Weight of the ſame at the Equator in a Propor- 
tion compounded of 289 to 288, and 1121 to 1120; that is, 
in the Proportion of 230 to 229. | 
hf B. A Line is the 12th Part of an Inch. 
(e) To ſhew this, call an equatorea! Column extended from 
the Surface to the Center, ; and a polar Column, x; and cal! 
the Force of Gravity at the Equator, p : then from what was juſt 
obſerved in the foregoing Note, ſuppoſing the Earth to be at 


HEL. becauſe 
1120 


Reſt, the Force of Gravity at the Poles will be 


as 1120: 1121: :: — and becauſe the Gravity of a Co- 


lumn if it be equally heavy in all Parts, is equal to the Force 
of Gravity multiplied by the Contents of the Column, the 
Weight of an equatoreal Column of Matter, if as heavy in all 
Parts as at the Surface, would, ſuppoſing the Earth to be at Reſt, 
be equal to p multiplied by r, that is, pr 3 and the Gravity of a 
1121 px 


polar Column would for the ſame Reaſon be ; but where- 


- 


as if we ſuppoſe the Force of Attraction inverſly as the Squares 
of the Diſtances, the Gravity of Bodies within the Earth will 
decreaſe as we go to the Center, Part I. Chap. 3. $. 8. where 
it terminates in nothing, the Weights of the HOT 
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This is upon a Suppoſition that the Earth was 
at firſt fluid, or a Chaos, having its ſolid and 
fluid Parts confuſedly mixed together; but if 
we ſuppoſe it at firſt partly fluid and partly 
dry, as it now is, ſince we find that the Land 
is very nearly of the ſame Figure with the Sea, 
except raiſed a little to prevent its being over- 
flowed, the Earth muſt ſtill be of the ſame 
Form; for otherwiſe the major Part of the 
Water would flow towards the Equator, and 


Columns decreaſing uniformly therewith, will be but half what 
we made them before, that is, E 

2 1120 X 2 
fugal Force at the Equator, ; then ſince the centrifugal Force 
decreaſes alſo as we approach the Center, and there terminates 
in nothing, the centrifugal Force of a whole Column of Matter 


Call the centrj- 


will be 2 Take this away from — the Weight of that Co- 


NT I 
lumn when the Earth is at Reſt, and the Remainder® _— wall 


be the Weight of the ſame when it moves. But to preſerve an 
1121px 


1126 * 2 
which was ſhewn to be the Weight of a Column at the Poles. 


. - . * F Nr 1191 — 1 a 
Which gives us this Equation El Em . 
1 f | 2 2 tIZOXZ 


1121 fx 
1120 


Equilibrium of Parts, this Weight muſt be equal to 


Multiplying by 2, we have pr — wr = 
Multiplying by 1120, we 
have | 
Which gives us this Equation r : x :: 1121p : 1120p— 11207, 
But as was determined in the 
foregoing Note, p is to u 
as 289 to 1. Putting 
therefore thoſe the lat \ 


{ 1120pr — 1120% = I121þpx. 


E 


for þ and », in the laſt 
Step, we ſhall have 
That is, the equatoreal Semidiameter is to the polar one, as 
230: 229. Which was to be ſhewn. 


ſpread 
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read itſelf like an Inundation over all the 
and in thoſe Parts. 

The ſpheriodical Figure of the Earth is 
reatly confirmed by Obſervations made with 
endulum Clocks, at different Diſtances from 

the Equator. Firſt of all Monſ. Richer in the 

Year , 572, when at the Iſland Cayenne, found 

that his Clock, which at Parts, kept true Time, 

now loſt 2 Minutes and 28 Seconds every Day, 

Dr. Halley going to the iſland St. Helena in the 

Year 1677, was obliged to ſhorten the Pendu- 

lum of his Clock one eighth Part of an Inch. 

With many others, all which compared to- 

gether make it appear that a Pendulum at the 

Equator that ſwings Seconds, ought to be about 

one fixth Part of an Inch ſhorter than at Paris; 


from whence it appears that the Difference be- 


tween the Gravity at the Poles and at the 
Equator, is almoſt twice as great as what ariſes 
from the Rotation of the Earth about its Axis, 
and its ſpheroidical Form put together (p). 
And therefore the Difference between the equa- 
toreal and polar Diameter mult be ſo too. 


| From 
(+) For the Length of a Pendulum, ſwinging Seconds is pro- 
portionable to the Space a Body would fall thro' in a Second; 
as being equal to an eighth Part of that Space, Part I. Chap. 6. 
Prop. 10. And the Space a Body would fall through in a Se- 
cond, is proportionable to the Force by which it falls; conſe- 
uently the Length of a Pendulum ſwinging Seconds under the 
33 ought to be to the Length of one that ſhall ſwing Se- 
conds under, the Pole, as the Gravities in thoſe Places are to 
each other: That is, as 229 to 230. The Length of a Pen- 
dulum therefore under the Equator, being 4385 Lines, (as being 
two Lines ſhorter than one at Paris, which is 3 Feet 85 Lines) 


the Length of one at the Poles ſhould be 440, 4 Lines; that is, 
it 
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From hence it is probable, that the Parts of 
the Earth which lie near the Center, may be 
denſer than ſuch as lie nearer the Surface, For 
on this Suppoſition, and not otherwile, is it ac- 
countable, that the Gravity at the Equator 
diſcoverable by Pendulums, and that which 
ariſes from the above-mentioned Cauſes, ſhould 
be ſo different (9). a 

So that upon the whole, Bodies are lighter 
at the Equator than at the Poles, on a three- 
fold Account. Firſt, by the centrifugal Force 
there, in the Proportion of 289 to 288: Se- 


it ought to be but 1,9 Line longer than the former. Whereas 
it : Found by the Obſervations above-mentioned, that the Dif- 
ference between a Pendulum in the Latitude of Paris, and ont 
under the Equator, is as much as that, or rather more; and 
conſequently the Difference between one at the Equator and one 
at the Poles would be almoſt twice as much ; there being almoſt 
as much Difference between a Pendulum at the Poles, and at 
Paris, as between one at Paris and the Equator : And conſe- 
quently the Diminution of Gravity is almoſt twice as much as 
that which ariſes from the Rotation of the Earth about its Axis, 
and its ſpheroidical Form put together. 

() If the Earth be more denſe at the Center than near the 
Surtace, we may conſider that Redundancy of Matter near the 
Center over and above what there would be there, was the Earth 
of uniform Denſity, apart, and as a ſeparate Body from the ret, 
then upon Account of the ſpheroidical Form of the Earth, a 
Body at the Poles is nearer to this redundant Matter than at 
the 3 therefore in removing a Body from the Poles to 
the Equator, its Gravity ſo far as ſt depends on the Attraction 
of this redundant Matter, that is, that Part of its Gravity 
which is owing to that Attraction, is diminiſhed : The whole 
Gravity of the Body is leſs therefore at the Equator than at 
the Poles. As therefore the Pendulum diſcovers a greater Dif- 
ference of Gravity than ariſes from the Rotation of the Earth 
about its Axis, and the ſpheroidical Form of it conſidered as 
homogeneous, put together, it is very probable that the Earth 
13 more deuſe at the Center than at che Surface. 


| condly 
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condly, on Account of the ſpherodical Form 
of the Earth, or its Flatneſs at the Poles, in 
the Proportion of 1121 to 1120; and laſtly, 
on Account of the greater Denfity of the 
Earth at the Center, but in a Proportion not 
yet ſufficiently determined, for want of know- 
ing the exact Length of a Pendulum that 
{wings Seconds at the Poles. | 
The greater Warmth of the Air near the 
Equator, increaſes the Length of a Pendulum 
by Rarefaction, on which Account alone, it 
would be neceflary to ſhorten it at the Equator; 
but this, as may be gathered from the Obſer- 
vations of P::cairn and De La Hire, cannot be 
between this Latitude and the Equator above 
one fortieth Part of an Inch; for as De la Hire 
obſerved, there was but two third Parts of a 
Line Difference between an Iron Rod fix Feet 
long, expoſed to the Froſt and the Summer's 
Sun. Beſides, this is allowed for above, in 
ſaying that a Pendulum ought to be ſhortened 

but one fixth Part of an Inch. | 
It follows from hence, that the Tendency of 
heavy Bodies upon the Surface of the Earth, 
except at the Equator and the Poles, is not 
towards the Center of the Earth, but towards 
a Point between that and the Equator. Thus 
let EPQ in Fig. 50. repreſent the Earth, PP 
its Poles, EQ its equatoreal Diameter. The 
Tendency of a Body as A, upon the Surface 
of the Earth, between E and P, will not be 
towards C, but along the Line AD which 
, c: olles 
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croſſes the equatoreal Diameter in a Point 
nearer the Body than the Point C is (7). 
Another Conſequence of the ſpheroidical 
Form of the Earth is, that as you go from the 
olar Parts to the Equatoreal, the Degrees upon 
the Surface of the Earth grow leſs and leſs; 
that is, a Degree meaſured upon the Meridian 
near the Poles, contains more Miles than the 


| ſame meaſured near the Equator. The Reaſon 


of this is, that, as appears by Inſpection of the 
Figure, an Arch near the Poles comes nearer 
to a ſtraight Line ; that 1s, it 1s leſs curved than 
one near the Equator ; the former is therefore 
an Arch of a larger Circle than the latter ; but 


| (r) To determine the Point D, ſay as EC is to AH; that is, 
a: the Radius is to the Co- ſine of the Angle of the Latitude of tha 
place A, ſo is the centrifugal Force at E, to a fourth Number, 
which will expreſs the centrifugal Force at A in the Direction 
AB. Produce therefore the Line HA to B, till AB be of ſuch 
Length, that it may bear the ſame Proportion to AC, that the 
Quantity laſt found has to Gravity upon the Surface of the Earth. 
Compleat the Parallelogram ABCD, and D will be the Point 
ſought, and the Tendency of an heavy Body will be along the 
Line AD. Thus ſuppoſe it required to find the Direction in 
which heavy Bodies tend towards the Earth in at the Latitude of 
$1 Degrees and 46 Minutes. Since the centritugal Force at the 
Equator, as ſhewn above, bears that Proportion to the Force of 
Gravity, which 1 does to 289, let us take thoſe Numbers (or 
which will do as well, any other two that are proportionable to . 
them) the former to expreſs the centrifugal Force of a Body at 
the Equator, and the latter the Force of Gravity. Then ſay, as 
the Radius is to the Co- ſine of 51 Degrees 46 Minutes, ſo is 1 to 
a fourth Number, which will be found ,618. This Quantity is 


therefore to Gravity as ,618 to 289. Therefore AB or its equab 


CD is to AC in that Proportion. But the Proportion between 
CD and AC being known, and the Angle at C the Latitude of 


the Place, wiz. 51 Degrees 46 Minutes being given, the Angle 


CAD will be found about 5 Minutes, which is the Meaſure of 
the Deviation of the Line of Direction of heavy Bodies in that 


Latitude, from a Line drawn to the Center of the Earth. 


. the 


4.00 Of the Figures, @c. Part IV. 


the larger the Circle, the larger are the De- 
grees meaſured upon its Circumference. For 
in going from P towards E, we are not to 
imagine ourſelves upon the Circumference of 
a Circle whoſe Center is C, but to paſs conti- 
nually from one Arch to another, which Arches 
are Portions of different Circles, the Centers of 
which approach, as the Arches themſelves be- 
come more curved. | 
As the Waters of the Earth by Virtue of 
the Attraction of the Moon, and the Revolu- 
tion of the Earth about the common Center of 
Gravity of that and the Moon, were ſhewn 
in Chapter the laſt, to put on the Form of an 
oblong Spheriod, whoſe Axis produced paſſes 
through the Moon; fo in like manner, if we 
conſider the Moon as we have now done the 
Earth, we ſhall find, that as ſhe turns round 
her Axis in the ſame Time ſhe turns round the 
Earth, and therefore has nearly the ſame Side 
always towards the Earth, whoſe longer Axis 
ints to the Earth ; thoſe Parts which lie next 
e Earth being attracted too much, and allo 
having too ſmall a centrifugal Force; and thoſe 
on the contrary which lie on the oppoſite vide 
of her being attracted too little, and having a 
centrifugal Force too great; which, for the 
Reaſons given in theabove-imentioned Chapter, 
will neceffarily give her that Form. 
Her Nevolution about her Axis would, as in 
the Earth,. give her a contrary Figure, but it i; 
ſo very flow, that it is without any ſenſible 
Effect. | - 
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To the WHO I x. 


A. 

ACRoNnical Riſing and 

Setting of the Stars, 

Part IV. page 26. 

Acro, its Equality to Re- 
action ſhewn. P. I. p. 22. 

AIR, defined ; its Preſſure; 
its Elaſticity ; capable of be- 
ing contracted by Preflure 
its Elaſticity augmented by 
Heat; its Neceflity for the 
Preſervation of Life. P. II. 

p- 33—41. 

13 P. IV. p. 316. 
The ſeveral Sorts of them. 
P. IV. p. 317. 

ATNA, the Cauſe of its vo- 
miting up Flames, P. II. 
p. 144. in the Notes, 

ALTITUDE of a Star, what. 
P., IV. p. 255. 

Aurhiscir, what. P. IV. 
p. 252. 

AMPLITUDE of a Star, what; 
riſing and ſettingAmplitude, 
what, P. IV. p. 256. 

ANNUAL Parallax of the 
Earth, what. P. IV. p. 168. 

ANN Us Macros, what. P. 
dy. BD. 399; | 

ANOMALY, what. P. IV. 
p. 165. 

Vo L. II. 


ANTARCTIC Pole, what; 
Circles, what. P. IV. p. 251. 


AN TICEDEN TIA, what. P. 
IV. p. 172. 

ANTiropks, what. P. IV. 
p. 253» 

ANTOꝶ RCI, what. P. IV. 
p. 253. 

APHELION, what. P. IV. 
p. 164. | 

APoGEON, what. P. IV. 


p. 165. 

APPARENT DISs TAN CE, Dr. 
BARROw's Difficulty about 
it ſolved. P. III. p. 81. 

APpPAREN T MoTron, the 
apparent annual Motion of 
the Sun accounted for. P. 
IV. p. 151. Another Way 
of accounting for the ſame. 
P. IV. p. 160. in the Notes. 

— Of Mercury and Venus ac- 
counted for. P. IV. p. 174. 

— Of Mars, Jupiter and Sa— 
turn accounted for. P. IV. 
p. 182. | 

—Of Jupiter and Saturn's 
Satellites accounted for. P. 
IV. p. 209. 

APPARITION, Circles of per- 
petual Appatition, what. P. 
IV. p. 260. 


| C 6 APCEAR= 


C 


APPEAR ANCE of Bodies ſeen 
through Media of different 
Fo: ms. P. III. p· 72—85. 


—Of Bodies ſeen by Light | 


reflected from plain and 


. ſpherical Surfaces, P. III. 
p. 24— 39. 

ARrcTic Poles, what; Cir- 
cles, what, P. IV. p. 251. 

AREas, deſcribed by revolv- 
ing Bodies, proportionable 
to the Times. P. I. p. 46. 


Ascn, what. P. IV. p. 252. | 


ASCENSION, Circles of it, 
what. P. IV. p. 249. 
Right Aſcenſion, what. P. 
IV. p. 248. 

Oblique Aſcenſion, what. 
P. IV. p. 259. 

AscRENSTLtONAL Difference, 
what. P. IV. p. 259. | 

AsCenT of Fluids in Capilla- 
ry Tubes. P. II. p. 57—72. 


| 


— Of Vapours, not fufficient- | 


— — for. Various 

pinions concerning them 
examined and confuted. P. 
II. p. 130. 

ATMOSPHERE, what. P. II. 


P. 33. 
Its Height. P. II. p. 39. 


That its Height may be de- | 


termined by the Duration 
of the Twilight, an erro- 
neous Opinion. P. IV. p. 
237. in the Notes. 

Without it all Parts of the 
Heavens, even in Spite of 
Sunſhine, would be quite 
durk. P. IV. p. 236. 

The heavenly Bodies appear 
elevated by the Refraction 
of it, . III. p. 75. and 
. 
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ATTRACTION, diſtinguiſh'd 
into Coheſion and Gravi— 
tation; each Kind proved 
from Facts; its Laws and 
Manners of Action. P. I. 
p. 12—18. 

Arguments to ſhew, that 
the Planets are retained in 


their Orbits thereby. P. IV, 
p. 363. 
Demonſtrated not to be a 
mechanical Cauſe. Preface, 
Note b. 

AURORA BOREALISs, a full 
Account of that remarkable 
one, which was ſeen March 
6, 1715; the general Phæ- 
nomena of it; a Solution 
of each Phænomenon of it; 
Cote's, Halley's, Mairan's, 
Maier's Solutions of it. 
Notice of it by Pim, 
Seneca and Ariflotle, P. II. 
p. 147—169. 

AURUM FULMINANS, its 
Compoſition and Effects. 
P. II. p. 145. in the Notes. 

Tre AUTHOR, his Barome- 
ter, in which the Scale of 
Variation is infinite. P. II. 
p. 105, Another of the 
Author's, in which the 
Scale is alſo infinite. P. Il. 
p. 110, 

Axis of the Earth, what. 

. 

The Inclination of the Axis 
of the Sun, and of ſome of 
the Planets to the Plane of 
the Ecliptic. P. IV. p. 132. 
in the Notes. 

Situation of the Moon's 


Axis. P IV. p. 128. 
P- 135 OY 
6 : 


| 


| 


ND E X. 


—Of the Earth, not always 
parallel to itſelf. . 


p. 169. | 
Aziuurh, what. P. IV. 
p. 254. 
—Of a Star, what. P. IV. 
p- 256. 
BAD AR, its Conſtruc- 
tion. P. II. 87. 
Linus, his Hypotheſis about 
it. P. II. p. 86. 
Huyzens, his Experiment 
with a Tube 75 Inches 
long. P. II. p. 87. 
Its Uſe in 8 the 
zeight of Mountains. P. 
II. p. 88. 
Its Uſe in foretelling the 
Alteration of the Weather. | 
P. II. p. 38. 
The Reaſon of its being 
low in windy Weather. P. 
II. p. 92. 
Laila“ Hypotheſis con- 
futed. P. II. p. 95. 
Patric's Obſervations on 
the Riſing and Fallingof it, 
commended. P. II. p. 96. 
Des Cartes, his Barometer, 
P. II. p. 100. 
Horizontal or rectangular 
Barometer. P. II. p. 101. 
Diagonal Barometer. P. II. 
1 
| R::#'s Wheel Barometer, 
F. ip. 108; 
AN 8 ns Barometer, 
II 
The A Barometer, 
in which the Scale of Va- 
riation is infinite. P. II. 
p. 105. 


j 


F 


| 


| 


| 


tion is alſo infinite. P. II. 
p. 110. 
Portable Barometer. P. II. 
p. 113. 

BLackNness, the Abſence of 
all Colour. Vol. II. P. III. 


P- 49. 
Bopy, its eſſential Properties. 


MY. 

TheQualificationsi inBodies 
neceſſary to diſpoſe them to 
reflect Rays of different Co- 
lours. Vol. II. P. III. p. 80. 
Sir Iſaac Netvton's Conjec- 
ture about its conſtituent 


dag . F. Hl. 


P. 59 
Caules of its Opacity and 
Tranſparency. Vol. II. P. 
III. p. 60. 
Lighter at the Equator of 
the Earth than at the Poles, 
on a threefold Account. P. 
IV. p. 397. 

Dr. BoꝶRHAA VE, his Notion 
of Fermentation. P. II. 
1 

Buzz from the Sea in 
warm Weather, accounted 


for. P. II. p. 128. 
Julius Ce ſur's 


* 
O bee 

Reformation of it. P. IV. 
p. 302. 


Pepe Gregery, his Alteration 
of it. P. IV. p. 300. 


| CanceR, Tropic of it, what. 


P. IV. p. 251. 
CaritLaky Tubes, what; 
their Phenomena ſhewn to 


be owing to the Attraction 
of Cohetion; the Abſurdity 
of a Fluid being made to 


Another of the Author's, in 


which the Scale of Varia- 


— 


circulate by Virtue of a 


9 


Capillary 


I N D 
Capillary Tube. P. II. p. 
9 ha 

CarRicoRN, Tropic of it, | 
what. P. IV. p. 251. 

CaRDINAL Points, what. P. 
IV. p. 255. 

Des CAR TES, his Opinion 
of the Horizontal Moon. 
P. III. p. 87. 

CAR TESTLAN Notion of Va- 
pours confuted. P. II. p. 
130. 

Notion of Light confuted. 
P. III. p. 8. 

CrN ER of Gravity, what. 
P. I. p. 59. 

—Of Magnitude, what. P. I. 


P. 59. 
—Of Motion, what. P. I. 


P. 59. ' 

— Of Oſcillation, what. P. I. 
p. 33. How determined, 
Appenaix to Part I. 

— Or Percuſhon, what, and 
how determined. Appendia 
to Part IJ. 

CENTRIPETAL and Centri- 
fugal Forces, their Nature 
explained. P. I. p. 43. 

i he effects of them largely 
ſet forth and demonitrated. 
P. IV. p. 324. to the end. 

CIRCLz, great; Jeſs ; paral- 
lel; the Poles of it; Axis 
of it; Secondary of it: 
fixed; moveable; of Af 
cenſion and Declination ; 
Hour Circle; tropic and 
polar Circles; arctic and 
ant arctic; vertical; of per- 
petual Apparition, and per 
petual Occulation. P. IV. 
p 241—262. 


þ 


| 


E X 


tween a projectile and cen- 
tral Force, neceſſary that a 
revolving Body ſhould be 
retained therein. P. IV. p. 
326. 
CLIMATEs, what. 
p. 260. 


F. IV. 


Cons fOoN, Attraction of it, 


What. P. I. p. 12. 
The Proof and Laws of it. 
P. I. p. 13. 
Not a mechanical Cauſe. 
Preface, Note b. 
CoLouns, the Cauſe of the 
Variety of them. Vol. II. 
P. III. p. 47. 
TheQualifications in Bodies 
which diſpoſe them to re- 
flect Rays of different Co- 
lours. Vol. II. P. III. p.87. 
Cours, their Nature and 
Motion; the Opinion of 
the Antients concerning 
them; their apparent Mo- 
tions accounted for; the 
Form of their Tails; Sir 
Iſaac Newton's Opinion 
concerning their Tails ; a 
Conjecture of the Author's 
concerning them; the Me- 
thod of inveſtigating their 
apparent Courſes. P. IV. 
p. 214—228. 
The Form and Poſition of 
their Orbits. P. IV. p. 138. 
COMMUNICATION of Mo- 
tion in Bodies, not elaſtic. 
69 % Sb 
In Bodies elaſtic. P. I. 
P. 53. : 
CoMPass, the Points of it, 
what. P. IV. p. 255. 


The exact Adjuſtment be- 


ConJUNCTION inferior and 
ſuperior, 


I 


ſuperior, what. 
p. 174. 
ONSEQUENTIA, Motion in 
it, what. P. IV. p. 172. 

ConsTELLATIONsS, what, P. 
IV. p. 143 


P. IV. 


Places. P. IV. p. 172. 
Cor ERNICAN 
ſcribed. P. IV. p. 128. 
Defended. P. IV. p. 138. 
in the Notes. 
CoPERNICUs, his Prophecy 


Venus. P. IV. p. 181. in the 
Notes. | 
CosMICAL Riſing and Setting 
of the Stars. P. IV. p. 261. 
CoTEs, his Solution of the 
Aurora Borealis. P. II. p. 
158, 
CrEPusCULUM, or Twilight, 
accounted for. P. IV. p. 


237. i 

That the Height of the 
Atmoſphere may be deter- 
mined by it, an erroneous 


| 

Notion. P. IV. p. 237. in 

- the Notes. | 

: CuYRoONOLOGY, the Elements 

r of it. P. IV. p. 294—316. 

1 CULMINATION of a Star, 
what. P. IV. p. 255. 

ff Cres, the ſeveral Sorts of 

8. 


them. P. 128 p. 309. 
Drs and Nights, their 
Variety in Point of 
Length accounted for. P. 
IV. p. 153. 
—Of the Week, whence their 
Names, P. IV. p. 300. 
DECLINATION, what. P. IV. 


p- 248, 


Have forſaken their former 


Syſtem de- 


concerning the Phaſes of 


| 


[1 


N DU EB X 


DEGREE, the Ninetieth, 
what. P. IV. p. 256. 

At the Poles larger than at 
the Equator. P. IV. p. 268. 

DePpREss1oN of a Star, what. 
F. . p. 255: 

Ds CAR TEs, his Barometer. 
P. II. p. 100. 

Dr. DESAGuLIERSs, his Opi- 
nion concerning the For- 
mation and Aſcent of Va- 
pour, examined. P. II. p. 133. 

DESCENT of Bodies on ob- 
lique Planes. P. I. p. 28. 

Drw, the Colours of the 
Rainbow ſeen in it. Vol. II. 
P. III. p. 114. 

Diaconarl Barometer, de- 
ſcribed. P. II. p. 101. 

DriAuETERS of the Sun and 
primary Planets. P. IV. 
p. 130. 

D1iFFERENCE, aſcenſional, 
what. P. IV. p. 259. 

DisTANCE of an 4 
how judged of by the Eye. 
P. III. p. 70. 

—Of the Sun and primary 
Planets. P. IV. p. 130. 

—Of the Moon from the 
Farth. P. IV. p. 135. 

— Of the Satellites of Fupiter 
and Saturn from their Cen- 
ters. P. IV. p. 135. 

DivIsIBILIT of Matter, the 
Meaning of its Infinity ex- 
plained; its Infinity de- 
monſtrated; how far Mat- 
ter is actually diviſible, con- 
ſidered. P. I. p. 7—9. 

Diurnatr Motion of the 
heavenly Bodies, accounted 


for. P. IV. p. 149. 


— 


| 


063 DocTRINE 


J 


Docrxid x of the Sphere, 
treated of. P. IV. p. 241— 
262. 
DomiNicaL or Sunday Let- 
ter, on what its Altera 
tion is founded. P. IV. 
p. 310. ; 
Dzxacox's Head and Tail, 
what. P. 14 p. 192. 
Elen, its Axis, what; 
its Poles, what. P. IV. 
9. 249, 
The Poffibility of its being 
inhabited quite round, P. 
IV. p. 125. 
Its Diameter; Diſtance from 
the Sun; itsperiodical Time 
and Rotation about its Axis. 
P. IV. p. 130. in the Notes. 
Its annual Parallax, what. 
„ 
Its Axis not always parallel 
to itſelf. P. IV. p. 169. 
The Method of meaſuring 
its Circumference. P. IV. 
p. 256, in th: Notes. 
Its Form that of an oblate 
Spheroid. P. IV. p. 391. 
Its ſpheroidical Figure con- 
firmed by Pendulums. P. 
IV. p. 396. | 
That it is more denſe at the 
Center than at the Surface, 
robable. P. IV. p. 397. 
odies lighter at the Equa- 
tor of it than at the Pole on 
a threefold Account. P.IV, 
P- 397+ 


EasTER, the Rule for finding | 
it explained. P. IV. p. 313. 
EBRING and Flowing of the 
Sea, accounted for, P. IV. 
P 382. ö 


Echo, the Nature of it ex: 
plained. P. II. p. 52. 
Eclirszs of the Sun and 
oon, with their ſeveral 
Circumſtances, accounted 
for. P. IV. p. 202—209. 
Of Jupiter and Saturn's Sa- 
tellites. P. IV. p. 209. 
EcLipTICc, what. P. IV. 
p. 152 and 243; its Axis, 
what; its Poles, what; its 
Secondaties, what ; Signs 
of it, what, P.IV. p. 243, 
244. 
ELASTICITY of the Air, 
F. H. p. 36. | 
ELECTRICITY, the Proper- 
ties of it. P. I. p. 18. 
ELEVATION of the Pole, 
what. F.1v: 299. - 
ELL1Ps1s, deſcribed. P. IV. 
p. 133. inthe Notes. 
ELONGATION, what. P. IV. 
p. 181. 
Epacr, what. P. IV. p. 314. 
EPocH, what. P. IV. p. 317. 
EQUATION of a Planet, what. 
P. IV. p. 166. 
EqQuaroR, what. P. IV. 
p. 246. | 
EqQuinocTIAL, what. P. IV. 
p. 248. 
—Points, what, P. IV. p. 
168 and 249, | 
— Points, their Preceſſion, 
what. P. IV. p. 168. 
— Points, their Preceſſion ac- 
counted for. P. IV. p. 383. 


| —Colure, what. P. IV. p. 40. 


Ess ENTIAL Properties of 
Body. P. I. p. 7. 
ExckNTRIC ITV, what. P. 


IV. p. 133. in the Netes. 


I 


— Of the Moon's Orbit. P. 
IV. p. 135. in the Notes. 
ow great in the Orbit of 
each primary Planet. P. IV. 
p. 134. in the Notes. 
ExTENSION, a Property of 
Body. P. I. p. 7. 
Eye, the Deſcription of it. 
P. HI. p. 33 . 
Why blind with Reſpect to 
Objects placed before it in 
a certain Point. P. III. 


p. 69. 
F 


F ALLING Bodies, their 
Phenomena accounted for, 
P. I. p. 24. 
FERMENTATTON, from 
whence it ariſes ; the Opi- 
nions of Freind, Keill and 
Boer haade about it; the 
Manner in which it is to 
be accounted for. 
p. 170-173. 
FiGURESs of the heavenly Bo- 
dies. ©. 1V. Þ. 201. 
Fits of eaſy Reflection and 
Tranſmiſſion, not theCauſe 
of the Reflection of Light. 
Vol. II. P. III. p. 69. 
FLAMEs, why vomited up by 


burning Mountains. P. II. 


p. 144. : 
FLORENTINE Experiment. P. 


I. p. 7. in the Notes. 
FLuipiTtY, the Nature of it. 
FP. H. Þ. 4 
FLuiDs, how they act upon 
each other by their Preſſure; 


how upon Solids. P. II. 
P. 7 32. 
Their Reſiſtance. P. II. 


P · 41. 


©. ho 
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I be Abſurdity of their being 
made to circulate by means 
of a Capillary Tube. P. II. 
p. 71. in the Notes. 

FoRCEs neceſſary to retain re- 

volving Bodies in circular 


and other Orbits. P. IV. 
p. 320. | 
FouxTAINs, their Origin 
Ariſtotle's, Des Cartes's, 
Varenius's, Marriot's, and 
 Halley's Opinion of them. 
P. II. p. 73—76. 
Their Reciprocation aC- 
counted for. P. II. p. 81. 
FRIOID Zone, what. P. IV. 


p. 252. 
GAskRvpus, his Op'nion 
of the Horizontal Moon, 
P. III. p. 87. 
GEOCENTRIC Latitude, 
what. P. IV. p. 178. 
GLoBEs, their Deſcription 
and Uſe, P. IV. p. 263. 
Problems on them. P. IV. 
p. 27/294 
GoLDENn Number, what. P. 
IV. p. 313. 
GRAviTATION of Matter, 
its Laws and Manner of 
acting, the Senſe in which 
the Word is uſed in Philo- 
ſophy. P. I. p. 12—17. 
Demonſtrated not to be a 
mechanical Cauſe, Preface, 
Note b. i 
Gravity, ſpecific, what. P. 
IE. p. 27. 
GREGORY (Pope) his Refor- 
mation of the Calendar. P. 
| IV. 309. 


H. 
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H. 

Hau, the Cauſe of it. P. 

| II. p. 141. 

Dr. HALLE, his Hiſtory of 
the Winds. P. II. p. 116. 
in the Notes. 

His Solution of the Aurora 
Borealis. P. II. p. 160. 

HaARDRNESs in Bodies, the 
Degrees of it accounted for. 
P. I. 9. 1 

Harvesr Moon, accounted 
for by the Globe. P. IV. 
p. 284. 

Hear of the Sun, why not 
the greateſt when the Sun is 
moſt elevated. P. IV. p. 166. 

HeavexLy Bodies, the phy- 
ſical Cauſe of their Motions. 
P. IV. p. 320—390. 
Their Figures. P. IV. p. 

o. 

Heavens, the Poles of them, 
what. P. IV. p. 246. 

Heavy Bodies, their Ten- 

dency not towards the 
Center of the Earth, ex- 
cept at the Equator and the 
Poles. P. IV. p. 398. 

HEIIAcAL Riſing and Set- 
ting of the Stars. P. IV. 
p. 261. 

HrliocENTRI( Latitude, 
what. P. IV. p. 178. 

HEMISPHERES, northern 
and ſouthern, what. P. IV. 
p. 248, | 

HERMETICALLY ſealed, 
what. P. H. p. 1C0. a 
the Notes. 

HEtTtRosCl, what. P. IV. 
1 

Lr. Hock's marine Barome- 


ter delcribed. P. II. p. 103. | 


HoRIZz oN, ſenſible and ratio, 
nal, what. P. IV. p. 258. 

HoRIZZON TAL Barometer de- 
ſcribed, P. II. p. 101. 

— Moon, Des Cartes's, Gaſ- 
ſendus's, Hobb's, De Veils, 
and I/alliss Opinion of 
it; the Author's T houghts 
2 it. P. III. p. 

— 5 

Hob Circles, what. P. IV. 
p. 250. 

HuyYGENs, his Experiment of 
filling a Tube 75 Inches 
long with Mercury. P. II. 

87. | 
A remarkable lucid Spot, 
diſcovered in the Heaven 
by him. P. IV. p. 145. in 
the Notes. 

HypRosTATICAL Balance, 
its Uſe. P. II. p. 32. is 
the Notes. 

HypRoOsTATICS, the Intent 
of it. P. — = 


JM Arsis, what, P. IV, 
p. 165. | 
IMAacr, why three or more 
appear, when a ſingle Ob- 
Ject is viewed in a common 
ooking-Glaſs. Vol. II. P. 
III. p. 26. in the Notes. 
ImPpacT, that Light is not 
reflected by it. Vol. II. F. 
III. p. 64. 

IxacTiviTY, a Property of 
Matter. P. I. p. 7. 

IN cIDENCE, that the Sine of 
the Angle of Incidence bears 
a conſtant Ratio to the Sine 
of the Angle of Refraction. 


1 
4 The 


IN DEB X. 


The Sine of the Angle of 
Incidence equal to the Sine 
of the Angle of Reflection. 
Vol. II. P. III. p. 5. 

IxcLI NATION of the Axis of 
the Sun, and of the Axes 
of ſome of the Planets to 
the Plane of the Ecliptic. 
P. IV. p. 132. in the Notes. 

—Of the Orbit of each pri- 
mary Planet to the Plane 
of the Ecliptic. P. IV. p. 
134. in the Notes. 

Of the Moon's Orbit to the 
Plane of the Ecliptic. P. 
IV. p. 135. in the Notes. 

—Of Saturn's Ring. P. IV. 


p. 137+ : 
—Of the Orbits of Jupiter's 
and Saturn's Satellites. P. 
IV. p. 137. in the Notes. 
— Of the O'bits of the Co- 
mets. P. IV. p. 138. 
INCLINED Plane, the Falling 
of Bodies down it conſi- 
der'd. P. I. 72. 
INFERIOR Conjunction, 
what. P. IV. p. 178. 
IxriNixr v of the Diviſibility 
of Matter explained and 
demonſtrated. P. L. ih . 
dir Is aac NEWTON, his Con- 
jecture about the Size of 
the conſtituent Particles of 


Bodies. Vol. II. P. III. 


p., 59. 

is Fits of eaſy Reflection 
and Tranſmiſſion, exa- 
min'd. Vol. II. P. III. p. 69. 


His Opinion concerning the 


Tails of the Comets, exa- | 


mined. P. IV. p. 218. 
Julian Period, what. P. 
IV. 317. 


Jorios C SAR, his Refor- 
mation of the Calendar. P. 
IV. p. 302. | 

JuPrTER, its Diameter, Diſ- 
tance from the Sun, Perio- 
dical Time and Rotation 
about its Axis. P. IV. p. 
130 inthe Notes, 

The Situation of its Axis. 
P. IV. p. 132. in the Netes. 
The Excentricity and In- 
clination of its Orbit. P. 
IV. p. 134. in the Notes. 
The periodical Times and 
Diſtances of its Moons. P. 
IV. p. 134. in the Notes. 
Its apparent Motion ac- 
counted for, P. IV. p. 182. 
The Method of computing 
its Diſtance from the Sun. 
P. IV. p. 186. in the Notes. 
The apparent Motion, 
Eclipſes and Occultations 
of its Satellites. P. IV. p. 
209—212. 
The Method of determining 
by the Eclipſes of its Satel- 
lites, the Parallax of the 
Earth's Orbit, the ſucceſſive 
Propagation of Light, and 
the Longitude of Places. P. 
IV. p. * the Notes. 
Kur, his Notion of Fer- 
mentation, conſidered. 
P. H. Þ- 1705 

— His Determination of the 

Height of the Earth's At- 

moſphere, from the Dura- 

tion of the Twilight, ſhewn 

to be erroneous. P. IV. p. 

237. in the Netes, 

KEPLiER, his Senſe of the 


— 


Poetical Riſing and Setting 
of 


„ 


of the Stars. P. IV. p. 261. 
n the Notes. 
L. 
ATITUDE, heliocentric 
and geocentric, what. 


F. V. 178. 


— Of a Place on the Earth, | 


what. P. IV. p. 248. 


— Of a Star, what. P. IV. 


p· 24 


24+ | 
Parallels of Latitude, what. 


F 

Laws of Motion. P. I. p. 20. 

LEIBNIT zZ, his Hypotheſis 
concerning the Cauſe of the 
Deſcent of the Mercury in 
the Barometer, confuted. 
P. II. p. 95. 

LExsEs, the ſeveral Sorts of 
them; the Manner in which 
Rays are affected in paſſing 
through them. P. III. p. 
4452. 

Why the convex ones are 

uſed by old People, and the 
concave ones by Young. P. 
III. p. 84. 

LEVER, its Properties. P. I. 
p. 20. 

Lisur, the Emiffion of it 


from luminous Bodies not 


ſufficiently accounted for; 
the Idea of it, how excited; 
how propagated. P. III. p. 4. 
Its Velocity, how com- 
puted. P. III. p. 6. but 
more determinately. P. IV. 
p. 213. in ihe Noles. 

The ſurprizing Fineneſs of 
its Particles. P. III. p. 6. 
Decreaſes as the Square of 
the Diſtance from the lu- 
minous Body, increaſes, P. 


AI. p. 9. 


| 


Des Cartes's Notion of ki 
confuted, P. III. p. 8. 
The Refraction of it, ac- 

counted for. P. III. p. 9. 
The Law of its Refraction 
demonſtrated, P. III. p. 14, | 
Its Refraction in paſſing 
through plain and ſpherical 
Surſaces, conſidered. P. III. 
p. 18—44. ; 
The Manner in which it is 


reflected, Vol. II. P. Ill. 


| 


| 
| 


TheLawaccordingtowhich # 
it is reflected. Vol. II. P. 
III. p. 5. I 
Its Reflection from plain and 
ſpherical Surfaces,conſider- © 
ed. Vol. II. P. III. p. 6-23, * 
Its different Refrangibility 
ſhewn. Vol. II. P. III. p. 40. 
The Rays of it diſpoſed ts 
excite Ideas of different Co- 
lours. Vol. II. P. III. p. 40. 
The Opinions of Philoſo- 
phers concerning the Cauſe Þ 
of its Reflection, confuted. 
Vol. II. P. III. p. 6474. 
The Cauſe of its Reflection 
not yet accounted for. Vol. 
II. P. III. p. 73. 
Li6HTNING, the Cauſe of 
„ 1 
LINE of the Nodes, what. 
P. IV. p. 178. 
LI x EA Apſidum, what. P. IV. 
p. 164. 
LoapDSTONE, its Properties. 
Fi. 0.10 | 
LonciTUpE of a Place on 
the Earth, what. P. IV. 
247 


ö 
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5 


{ 


he Method of determining 
ol | 


. 


it from the Eclipſes w 4 
piter's Satellites. P. IV. p. 
213. in the Notes. 


Of a Star, what. P. IV. p. 


243. 


LookinG-GLass, why three 


or more Images appear, 

when a ſingle Object is 

viewed in a Looking-Glaſs. 

Vol. II. P. III. p. 26. in 

the Notes. 

LUNAR IRREGULARITIES AC- 
counted * P. IV. p. 366. 


Acic Lantern, deſcribed 
Vol. II. P. III. p. 116. 
MalEn, his Solution of the 
Aurcra Borealis, P. II. p. 
159. 
Mal Ax, his Solution of the 
ſame P. II. p. 160. 
MARINE Barometer deſcrib'd. 
P. II. p. 103. 
Mars, its Diameter; Diſ- 
tance from the Sun; perio- 
dical Time and Rotation 
about its Axis. P. IV. p. 
130. in the Notes. 
The Inclination of its Axis 
to the Plane of the Ecliptic. 
P. IV. p. 132. in the Notes. 
The Excentricity of its 
Orbit. P. IV. p. 134. in the 
Notes. 
The Inclination of its Orbit 
to the Plane of the Ecliptic. 
P. IV. p. 134. in the Notes. 
Its apparent Motion ac- 
counted for P. IV. p. 182. 
TheMethodof determining 
its Diſtance from the Sun. 
P. IV. p. 186. in the Notes. 
MATTER, its eſſential Pro- 
perties. P. I. p. 7. 


Its infinite Diviſibility de- 
monſtrated, and the Mean- 
ing of it explained. P. I. 
p. 8. | 

Its Attraction of Coheſion 
and Gravitation, P. I. 
p. 12. 

Mecnanical Powers treat- 
ed of. P. I. p. 58—75. 
Mrnpium, the Meaning of it 

in an optical Senſe, P. III. 


MeRcunry (in the Barome- 
ter) the Reaſon of its ſtand- 
ing low in windy Weather. 

FP. . Þ. 9 

Leibritz's Hypotheſis con- 
cerning its Deſcent before 
Rain, confuted. P. II. p. 95. 
Patric's Obſervations con- 
cerning the Riſing and Fall- 
ing of it. P. II. p. 96. 
Rules for knowing whether 
it be Riſing or Falling. P. 
II. p. 98. 

MERCURY (the Planet) its 
Diameter, Diſtance from 
the Sun, and Periodical 
Time. P. IV. p. 130. in the 
Notes. 

The Excentricity cf its 
Orbit; P. IV. p.-134.. © 
the Notes. 

The Inclination of its Orbit 
to the Plane of the Ecliptic. 

P. IV. p. 134. in the Notes. 

Its apparent Motion ac— 
counted for. P. IV. p. 174. 
Its greateſt Elongation. P. 
IV. p. 181. 

MEeRIDIAN, what. P. IV. 
p. 247. 

MeRlbprax Line, to find it 


4 


partly 


E. 


partly by the Help of the 

Globle. P. IV. p. 293. 
MicRoscopkEs, a modern In- 

vention. Vol. II. P. III. 


P. 75 | 
Their Deſcription and Pro- 


portion of magnifying. P. 
III. p. 77. 

MiD-Heaven, what. P. IV. 
p. 256. 

Milky Way, what. P. IV. 
p- 144. 

Moukxrum, the Meaning 


of it explained, P. I. p. 49. 


Monxsoons, accounted for. 
P. II. p. 126. 

Modus periodical and ſyno- 
dical, what. P. IV. p. 190. 
and p. 301. other Sorts of 
them. P. IV. p. 301. 

Moor, ſeveral Opinions con- 


cerning the horizontal 
Moon conſideted. P. III. 
p. 86—96. 


Sometimes occaſions the 
Appearance of a Rainbow. 
Vol. II. P. III. p. 115. 
Its periodical Time, and 
Rotation about its Axis; 
its Diſtance from the Earth, 
and Situation of its Axis; 
the Excentricity of its Or- 
bit, and the Inclination 
thereof to the Plane of the 
Ecliptic. P. IV. p. 135. 
Its different Phaſes or Ap 
pearances accounted, for P. 
IV. p. 188. 

Its obſcure Hemiſphere en- 
lightened by the Earth. P. 
IV. p. 190. 

Its Librations accountcd 
for. P.HIV. p. 197. 


The Manner of meaſuring 
* 


| 


| 


| 


| 


ö 


the Height of the Moun. 
tains therein. P. IV. p. 201, 
in the Notes. 

Its Irregularities accounted 
for. P. IV. p. 366—381, 

Morro, the Laws of it. P. J. 
p. 20. 

MouNnTAINs in the Moon, 
the Height of them, how 
meaſured. P. IV. p. 201, 
in the Notes. 

Burning Mountains, their 


Cauſe. P. II. p. 144. in | 


the Notes. 
Mus:c, the Effects of it on 


Perſons, bit with the Ta- 
rantula. P. II. p. 55. inthe | 


Notes, 


Musical, Tones, wherein | 


their Difference conſiſts. 


P. II. p. 53. 


N. 
NAvin, what. P. IV. p. 
258. 

NIiEUWENTYT, his Notion 
of the Formation and Riſe 
of Vapours examined, P, 
LL p. 134. 

NtNETIETH Degree, What. 
P. IV. p. 256. 

Nopks, the Line of them, 
what. P. IV. 178 
Aſcending and deſcending 
Nodes, what. P. IV. p. 
192. 


NockrukMERON, what. P. 


IV. p. 198. 
NUMBER of the Stars. P. 
IV. p. 145. 
NurarioN of the 
w hat. P. IV. p. 168. 
—Accounted for. P. IV. p. 


282. 
5 0. 


Poles, 
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O. 

Obs why it appears 

erect, when its Image 

in the Eye is inverted. P. 

III. p. 65. 

Why it appears ſingle tho' 

viewed with both Eyes, ſe- 

veral Opinions about this, 
P. III. p. 66. 

The Diſtance of an Object 


how judged of by the Eye. 


P. III. p. 70. 
The Appearance of Ob- 
jects ſeen through Media of 
different Forms. P. III. 
p. 72—85. 3 
The Appearance of Objects 
ſeen by Light reflected from 
plain and ſpherical Surfaces. 
Vol. II. P. III. p. 24—39. 
Why three or more Images 
appear when a ſingle Object 
is viewed in a common 
Looking-Glaſs. Vol. II. 
P. III. p. 27. in the Notes. 

OBLique Aſcenſion, what. 
P. IV. p. 259; 

Forces, their Effect. P. I. 


P. 55 

Planes, the Deſcent of Bo- 
dies on them conſidered. 
. 


— Sphere, what. P. IV. p. 
258. | 
Ozscura CAMERA deſcrib- 
ed. Vol. II. P. III. p. 116. 
OccuLTATION of Jupiter's 
and Saturn's Satellites. P. 
IV. p. 209. 
Cii cles of perpetual Occul- 
tation, what. P. IV. p. 
200. | 
( 


Ucrave Tone, the Nature | 


. 


| 


FADE 


Opactrr, the Cauſe of it. 


Vol. II. P. III. p. 60. 
Orric Angle, what. P. III. 

P. 70. | 
Nerve, what. P. III. p. 


Oprics, in what the Science 
of it conſiſts. P. III. p. 3. 
Okzir, the Plane of it, 
what. P. IV. p. 128. in the 
Notes. 
The Inclination of the Or- 
bit of each primary Planet 
to the Plane of the Eclijptic. 
P. IV. p. 134. in the Notes. 
The Inclination and Ex- 
centricity of the Moon's 
Orbit. P. IV. p. 135, in 
the Notes. i 
The Form and Inclination 
of the Orbits of the Co- 
mets. P. IV. p. 138. 
The Inclination of the Or- 
bits of Jupiter's and Sa— 
turn's Satellites P. IV. p. 
139. in the Notes. 
OR1GIN of the Winds, ac- 
counted for. P. II. p. 116. 
O RRE RV, its Deſcription 
and Uſe. P. IV. p. 263. 
OsCiLLATION, its Center, 
what.-F. 1. Þ. 223 
TheCenterofitdetermin'd. 


Appendix x" tack J. 

P ARALL Ax, the Earth's 

annual Parallax, what. 

P. IV. p. 168. 
The Parallax of the Semi— 
diameter of the Earth's Or- 
bit, what. P. IV. p. 186. 
The Method of finding the 


Diſtance of the Planets 
from 


i N- 3 


from the Sun by this Pa- 
rallax. P. IV. p. 186. in the 
Notes. 
The Method of determin- 
ing this Parallax from the 
Eclipſes of Jupiter's Satel- 
lites. P. IV. p. 212. in the 
Notes. 

Of the heavenly Bodies ex- 
plained. P. IV. p. 229. 
PaRALLAcric Angle, what. 

P. IV. p. 220. 
The Method of determining 
the Diſtance of a Planet 
from the Earth thereby. P. 
IV. p. 231. in the Notes. 
PARALLEL Circle, what. P. 
IV. 241. 
— Sphere, what. P. IV. p. 
258. 
PARALLELS and Climates, 
what. P. IV. p. 260. 
PARALLELS of Latitude, 
what. P. IV. p. 244. 
PassIVENESS, a Property of 
Body, P. IV. p. 123. 


PexpuLUMs, their theory. | 


P. I. p. 33. 

Their Vibration in a Cy— 
cloid. Appendix i» Part J. 
PexUMBRA, what. P. IV. 

p. 207. 

PERCUSSION, the Center of 
it, determined. Appendix to 
Part I. 

PRRIOCFEON, what. P. IV. 
p. 165. 

PERIHEEION, what. P. IV. 
p. 165. 

PERIOD, Victorian, what. P. 

IV. p. 316. in the Nies. 
Julian, what. P. IV. p. 


_—_— 


P. IV. p. 191. 

Time of the Moon, and of 
Tupiter's and Saturn's Sa- 
tellites. P. IV. p. 135. 

PERIOECI, what. P. iv. p. 
253. 

Pekiscit, what. P. IV. p. 
252. 

PzRPETUAL Motion, the 
Impoflibility of it. P. l. 
=” 

—Apparition, Circle of it, 
P. IV. p. 260. 

—()ccultation, Circle of it, 
P. IV. p. 260. 

Prases of the inferiorPlanets, 
explained. P.IV.p. 178, 
—Of the Moon. P. IV. p. 

188. 

PHYSICAL Cauſe of the Mo- 
tion of the heavenly Bodies, 
P. IV. p. 320—391. 

PLANE of an Orbit, what, 
P. IV. p. 128. in the Notes. 


_ | PLANETS, the Poſſibility of 


their Motions. P. IV. p. 
119—126. 

A IT able of the Diameters, 
Diſtances from the Sun, pe- 
riodical Times and Rota- 
tions of the primary Planets 
about their Axes. P. IV. 
p. 130. in the Notes. 

Thcir apparent Revolution 
in 24 Hours accounted for. 
P. IV. p. 149. | 
The phyſical Cauſe of their 
Motions. P. IV. p. 319— 
391. 

Tre Figures they allume by 


1 1 


P. IV. p. 392. 
IV. p. 39 1 


PERLODIcAL Month, what. 


re-olvins about their Axes- 


Px 


Na I: EF. 


PrEUMATICS, what. P. II. 
p. 33. i 

pokric Al Riſing and Set- 
ting of the Stars, P. IV. 
p. 261. 

Poixrs of the Compaſs, 
what. P. IV. p. 255. 
Cardinal Points, what. P. 
IV. p. 255. 

poLAR Circles, what. P. IV. 
p. 250. 

PoLE, the Elevation of it, 
what. P. IV. 256. 

Poles of a Circle, what. P. 
IV. p. 242. 

—Of the Earth, what. P. 
IV. p. 246. 

—Of the Earth, their Nuta- 
tion, what. P. IV. p. 169. 
its Solution. P. IV. p. 382. 

—Of the Ecliptic, what. P. 
IV. p. 243. 

—Of the Heavens, what. P. 
IV. p. 246. 

PORTABLE Barometer, de- 
ſcribed. P. II. p. 113. 

PrecEsSION of the Equi 
noctial Points, what. P. 
IV. p. 169. 


Their Solution. P. IV. p. 


381. 
PRESSURE of Fluids, confi- 
der'd. P. II. p. 7—27. 


Prime Vertical, what. P. 
IV. p. 255. 

PRINCIPLES of Natural Phi- 
lolophy. Preface, p. 4. 
The Connection between 
them and the chief Phæno 
mena of Natural Philoſo- 
phy. Preface, p. 10—38. 
Their Proof and Laws of 
Action P. J. 12—19. 
Demonſtrated to be no me- 


chanical Cauſes. Preface, 
Note b. 

Of Chronology. P. IV. p. 
294—320. 

PROBLEMS on the Globes. 
P. IV. p. 277—294. 

PRoOJECTILES, their Theory. 
P. Ir . | 

PROPERTIES of Body, P. 
I. p. 7. 

n n 1 
Planet, what. P. IV. p. 
195. 

PTOLEMAIC Syſtem, de- 
ſcribed. P. IV. p. 129. in 
the Notes. | 

PULLEY, its Properties. P. I. 
p. 64. 

PULvIs FULMINANS, its Com- 
poſition and Effects. P. II. 
p. 145. in the Notes. 

PUMP, capable of raiſing Wa- 
ter from any Depth. P. II. 
p. 84. 

PYR1TEs, thought by Dr. 
Lifter to be the Occaſion 
of Thunder, Lightning, 
Earthquakes and Volca- 

| no's. P. II. p. 145. in"the 

Notes. 


| 


UapRanT of Altitude, 
what. P. IV. p. 275. 
QUALIFICATIONS in Bodies 
_ which diſpoſe them to re- 
flect Rays of different Co- 
lours. Vol. II. P. III. p. 
53—b60. 
R. 
Alx, the Cauſes uſually 
| aſſigned for it. P. II. 
p. 138. 
RAYS. See Light. 


REacTi1on. 


IN D E X. 


Reaction, its Equality to 
Action, ſhewn. P. I. p. 22. 


RkcirxocArioN of Springs, | 


accounted for, P. II. p. 81. 
in the Notes. 

REFLECTION of Light. See 
Light. 

RerracTion of Light. See 
Light. 

ReFRacT1oON of the Atmo 
ſphere. See Atmoſphere. 
ReFRANGIBILITY of Light. 

See Light. | 

- RepuLsIoN, defined. P. I. p. 
18. the Proof of it. Vol. II. 
P. III. p. 67. in the Notes. 
Not a mechanical Cauſe. 
Preface, Nite b. 

REsis TANcE of Fluids. 
II. p. 41. 

RevoLvinG Bodies deſcribe 
equal Areas in equal Times, 
demonſtrated. P. I. p. 46. 

 Ricnr Aſcenſion of a Star, 
what, P. IV. p. 259. | 

Sphere, what. P. IV. p. 
257 | 

Ring of Saturn, its Form, 
and Inclination. P. IV. p. 
K 
Its Appearance. F. IV. p. 
213. | 
Its Anſæ. P. IV. p. 214. 

Dr. Rook, his Wheel Baro- 
meter deſcribed, P. II. p. 
102. 

Ror Arion of the Sun, and 
primary Planets about their 
Axes. P. IV, p. 130. 

—Of the Moon about its 
Axis. P. IV. p. 135. 

Rums Lines, what. P. IV. 


of 


8. 
ATELLITEs of Jupiler and 
Saturn. See Fupiter and 
Saturn. 

SATURN, its Diameter; Diſ. 
cance from the Sun; and 
periodical Time. P. IV. 
P. 130. in the Notes. 

The Excentricity of its 
Orbit; and the Inclination 
of the Plane of its Orbit to 
the Ecliptic. P. IV. p. 134. 
in the Notes. 

The Form and Inclination 
of its Ring, and the Incli- 
nation of the Orbits of its 
Satellites. P. IV. p. 137. 

Its apparent Motion ac- 
counted for. P. IV. p. 182. 

The Method of determin- 

ing its Diſtance, P. IV. p. 

186. in the Notes. 

The Appearance ofits Ring. 

F. V. 213. 1 

The periodical Times and 

Diſtances of its Satellites. 

P. IV. p. 135. in the Neles. 

The apparent Motions, ᷣ- 

clipſes and Occultations of 

its Satellites, accounted for. 

P. IV. p. 209. 

ScALe of Variation in the 

Barometer, infinite. P. II. 

p. 105 and 110. Fo 

ScREw, its Properties. P. I. 
p. 66. | 

Sea, its Ebbing and Flowing | 
accounted for. P. IV. p. 
383. 

SEASONS of the Year ac- 
counted for. P. IV. p. 153 

—Accounted for another wa. 


| 


p. 276. 


SECONDARIES 


D873 


SECONDARIES of a Circle, 
what. P. IV. p. 242. 

—Of the Ecliptic, what. P. 
IV. p. 243. 

SECONDARY Planets. See 
Moon, and Satellites. 

SEMITYCHONIC Syſtem, de- 
ſcribed. P. IV. p. 129. in 
the Notes. 

S16Nns of the Ecliptic, what. 
P. IV. p. 244. 

SHORT -SIGHTEDNESS, the 
Occaſion of it. P. III. p. 64. 

SKY, its Nature. P. IV. p. 
125. 

Snow, the Cauſe uſually aſ- 
ſigned for it. P. II. p. 140. 

SoLAR Syſtem deſcribed. P. 
IV. p. 127—140. 

SoLIDITY, a Property of 
Body. P. I. p. 7. 

SOLSTITIAL Colure. P. IV. 
p. 163. and 249. 

— Points. P. IV. p. 163. and 
249. | 

SouxnD, how communicated 
to the Ear. P. II. p. 47. 
Its Velocity, how com- 
puted. P. II. p. 51. in the 
Notes. | 

SPEAKING Trumpet, the 
Nature of it. P. II. p. 52. 

SPECIFIC Gravity, what. P. 
Lk. . 

SPHERE, the Doctrine of it. 

. 

. Sphere. P. IV. p. 


258. 

Parallel Sphere. P. IV. p. 
258, 259. 

Right Sphere. P. IV. p. 
257, 258. 


Vol. II. 


SPOTs of the Sun and Planetes 
the Motion of the Sun and 
Planets round their Axes 
determined by them. P. 
IV. p. 133. 

SPRINGS. See Fountains. 

STARS, fixed; why ſo called; 
why they appear larger to 
the naked Eye than with a 
Teleſcope. P. IV. p. 141: 
Their Diſtribution into 
Claſſes. P. IV. p. 142. 

Of numbring and regiſtting 
them. P. IV. p. 146. 

Old ones vaniſh, and new 
ones appear. P. IV. p. 147. 
Sit J/aac Newton's Conjec— 
ture about this; the 1 
Stars thought to be ſo many 
Suns. P. IV. p. 148. 
Their Diſtance, and the 
Method of computing it. 
P. IV. p. 169. | 
The Longitude and Lati- 
tude of a Star, what. P. 
IV. p. 243. 


Their Altitude, Depreſſion, 


Culmination. Azimuth and 
Amplitude. P. IV. p. 255, 
256. 
Their Right Aſcenſion, 
what. P. IV. p. 259. 

STILE, old and new, what. 
F. V. Þ. . 

SumMa Apis, what. P. IV. 
p. 164. | 

SUN, its Diameter, Diſtance 
from the Earth, and Time 
of its Rotation about its 


Axis. P. IV. p. 130. inthe 


Notes. 
The Inclination of its Axis 


to the Plane of the Eclip- 
D d tic, 


1xed 


* 


LN 23, 


tic. P. IV. p. 132. in the 
Notes. 
Its apparent Motion ac- 
counted for. P. IV. p. 151. 
Farther from us in Summer, 
than in Winter; the Occa- 
ſion of this. P. IV. p. 165. 
SUPERIOR Conjunction, what. 
P. IV. p. 174. 
SoRFAcks, reſledting and re- 


fracting. See Light. * | 
SWIMMING, ſolved. P. II. 
p. 29. 


SyNODICAL Month, what. 
P. LV »- Þ« 105. 
SYSTEM, the Copernican, 
Ptolemaic, Tychonic, and 
Semitychanic, deſcribed. P. 
IV. p. 129. 
The Copernican defended. 
P. IV. p. 138. in the Notes. 


'L. 

1 of the Comets, Sir 
lſaac Newton's Opinion 
of them examined; with a 
Conjecture of the Author's 
concerning them. P. IV. 

p. 218. 
TELESCOPES, a modern In- 
vention. Vol. II. P. III. 


P. 75. : 
retleting Teleſcope in- 
vented by Sir [/aac Newton. 
Vol, I. F. H. 77. 
A Deſcription of the ſeveral 
Sorts of them, and their 
magnifying Powers. Vol. 
II. P. III. p. 82—94. 
TEMPERATE Zone, what. 
rn. 
TENDENCY of heavy Bodies, 
not towards the Center ot 


| 


' 


Equator and the Poles. P, 
IV. p. 397. 


the Cauſe of it; the Effects 
of it not to be aſcribed to 
Thunder Bolts; the Man- 
ner of eſtimating the Diſ- 
tance of it. P. II. p. 143 
— 147. 

Tipks, accounted for. P. 
IV. p. 383. | 
T1mE, the A of it, 

what; true and apparent, 
what. P. IV. p. 294— 
297. 
The Diviſion of it. P. IV. 
p. 297—320. 
ToRRICELL1, his Invention 
of the Barometer, P. II. 
p. 85. 
TokRRID Zone, what. P. IV. 
p. 251. 
TRADE Winds, accounted 
for. P. II. p. 126. 
TRANSPARENCY, the Cauſe 
of it. Vol. II. P. III. p. bo. 
Tropic Circles, what. P. 
IV. p. 250. 
—Of Cancer, what. P. IV. 
p. 251. 
—Of Capricorn, what. P. 
n. 
T willGHrT, the Cauſe of it. 
F 
Ihe Duration of it, vari- 
ous, P. IV. p. 239. 
That the Height of the 
Atmoſphere may be deter- 
mined by it, an erroneous 
Notion. P. IV. p. 237. in 
the Notes. 
Tvcionic Syſtem deſcribed. 
P. IV. p.. "10 
ates. 


the Earth, except at the | 


gn y 


TruNnDeR and Lightning, 


— 1 


i NN DU E- 3 


Vs 
AcuuM, what. 
p. 10. 
The Exiſtence of it denied 
by the Cartefrans, P. I. 


P. I. 


V 


p. 10. 
Its Exiſtence proved. P. J. 
ot, 

. their Formation 
and Aſcent not ſufficiently 
accounted for; the Carte- 
ian Notion of them, con- 
futed; Nieuwentyt's Notion 
of them, confuted. P. II. 
p. 130. 

The moſt generally receiv'd 
Opinion of them, confuted. 
P. II. p. 132. 

Dr. Deſaguliers's Opinion 
examined. P. II. p. 133. 
The Cauſes uſually aſſign'd 
for their falling in Rain, 
Snow and Hail. P. II. p. 
138. 

VARIATION, Line of 
what. P. IV. p. 277. 

VELocitY of Light, how 
computed. P. III. p. 6. 
and P. IV. p. 212. in the 
Notes. 

Venus, its Diameter; Diſ- 


it, 


tance from the Sun; perio- | 


dical Time; Rotation about 
its Axis; Inclination of its 
Axis to the Plane of the 
Eclipticz the Excentricity 
of its Orbit; and the Incli- 
nation of its Orbit to the 
Plane of the Ecliptic. P. 
IV. p. 130—134. in the 
Oles. 
Its apparent Motion ac— 


counted for; its inferior 


| 


Barometer, deſcribed, 


and ſuperior Conjunction, 
what; why ſometimes our 
Morning, ſometimes our 
Evening Star; its greateſt 
Elongation; the Method of 


determining its Diſtance 
from the | Ry Fo EBV: Þo 
175, 176. 


Its Phaſes explained, P.IV. 
P. 179. 

VERTICAL Circles, what; 
prime Vertical, what, P. 
IV. p. 254, 255. 

VEsuvius, the Cauſe of its 
vomiting Flames. P. II. p. 
144. in the Notes. 

VIcroRIAN Period, what. 
F. IV. p. 316. i» the 
Notes. 

Visiox, the Nature of it ex- 
plained. P. III. p. 56. 
Diſtinguiſhed into bright 
and obſcure, , diſtinct and 
confuſed. P. III. p. 62. 

Unizon Tone, the Nature 
. 

VuLcaxo's, their Cauſe. P. 


II. p. 144. in the Notes. 
W. 
W AL LIS, his Opinion of 
the Cauſe of the Hori- 
zontal Moon. P. III. p. 93. 
WEATHER-GLASS. See 


Barometer. 
WEDGE, its Properties. P. I. 


p. 67. 
The Miſtakes of ſome Phi- 
loſophers about it. P. I. 
9. 1. DOD 
WHEEL and Axis, its Pro- 
perties. P. I. p. 63. 1 


H. p. 102, 
W HITENESS, 


. 


V HITENESS, a Compoſition 
of other Colours, Vol. II. 
P. III. p. 49. 

WIUISPERINO Gallery, the 
Nature of it. P. II. p. 52. 
in the Notes. 

 Winps, their Origin ac- 

counted for; Trade Winds 

and Monſoons accounted 

for. P. II. p. 120. 

Their Variableneſs beyond 

the Limits of the Trade 

Winds, accounted for. P. 

II. p. 116—128. 


Dr. Halley's Hiſtory of | 
them. P. II. p. 116—122. 


in the Notes. 


* c 


AR, the Seaſons of it 
accounted for. P. IV. 
p. 153—101. 


| Annus Magnus, 


or the 
great Year, what. P. IV. 
p. 173. 
The different Sorts of it. 
F. IV. p. 303. 
Leap Vear, why ſo called. 
P. IV. p. 306. 
2 


ZExrrn, what. P. IV. 
P- 254. 

ODIAC, what; the twelve 
Signs thereof. P. IV. p. 
144 and 244. 

| Zoxr, what. P. IV. p. 
251. 

—Frigid, what. P. IV. p. 
252. 

—ATemperate, what. P. IV. 


1 252. 


| 
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